FEDERAL BUREAU OF INVESTIGATION 
FREEDOM OF INFORMATION/PRIVACY ACTS SECTION 


COVER SHEET 


SUBJECT:__TWA_ FLIGHT 800 


FORENSIC ANALYSIS 


+e \ 


© @. 
(1281/1995) a 


FEDERAL BUREAU OF INVESTIGATION 


Precedence: SO 4 ; . Date: — 12/10/1996 


“To _. FBIHQ. EABORATORY DIVISION —~ ‘Attn: ‘Séction Chief;-~ 
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Squad I-46 


Case ID #3: 265A-NY-259028 (Pending) 


Title: UNSUBS; 
EXPLOSION OF FLIGHT TWA 800; 
AOT-IT; 
EOD; OO: NY 


Synopsis: Outstanding FBI HQ Laboratory Reports 


Administrative: All persons interviewed were furnished the 
appropriate provisions of the Privacy Act. Express promises of 
confidentiality have not been granted.’~ 


FBIHQ, Laboratory Division is requested to advise 
results of these requests. Captioned investigation requires an 
on going dialogue with the National Transportation Safety Bureau 
(NTSB). NTSB has and continues to request these results on a 
timely basis. Any and all results should be directed to 


Supervisory Special Agents (ED -:6 TWA Special) and 
Pare las re a ed Calverton, ng island Command Post. 


New York Office appreciates and recognizes that these 
Laboratory requests be fully and thoroughly addressed in support 
of this on going investigation. 


Details: The following are synopses of communications requesting 
examinations on items sent to the FBIHQ Laboratory. As of the 
date of this communication, New York Office has not received the 
resulting Laboratory Reports. 


Lab Receipt dated 7/25/96, recognizes receipt of Q9 - 


“one (1) strip” of color 35mm (Fuji G-400) ‘negatives (4 negatives 


exposed 1A-4A). 


Electronic Communication dated 7/27/96, drafted by SA 
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‘To: FBIHQ rapor Mix DIVISION From: New York 
Re: 265A-NY-259028, 12/10/1996 


bree TET st requested the Chemistry and Toxicology Unit to Ie 
+.* examine. items..#11- approximately 4— xX 3% floor panel #22,.#12 - .. 
- . magnet from Row 4, Seat 5, #13 -.floor hatch forward cabin~EE . 


compartment and #14 - floor panel section #20 forward cabin of 
luggage, for the presence of explosives and other materials. 


Electronic Communication dated 7/28/96, drafted by SA 
Se requested the Chemistry and Toxicology Unit to 
examine items #15- floor panel #187, #16- floor panel #177, #17 - 
floor panel #121 and #18 - floor panel #76, for the presence of 
explosives and other materials. 


Electronic Communication dated 7/28/96, drafted by SA fT & 
ae requested Materials and Analysis Unit to conduct 
scanning electron microscope (SEM) examinations and metallurgical 
examinations of item #20 - one (1) silver piece of metal and #21 

- one (1) silver colored meal strip, to determine type of metal 


and characterization of the small holes thereon. (Item #19 was 
submitted for comparison purposes. ) 


Electronic Communication dated 7/29/96, drafted by SA 

requested Materials and Analysis Unit to conduct 
scanning electron microscope (SEM) examinations and metallurgical 
examinations of item #22 - one (1) piece of shiny, silver colored 
metal strip, item #23 - one (1) piece of charred, pitted, dull, 
silver colored metal, item #24 - one (1) piece of charred pitted, 
dull, silver colored metal, item #25 - one (1) piece of charred, 
corroded, dull, silver colored metal, and item #26 - one (1) 
piece of shiny, silver colored meal with an egg crate appearance, 
to determine type of metal and characterization of the small 
holes thereon. 


Lab Receipt dated 7/30/96, recognizes receipt of Q25 - 


Q81 - various types of cameras, film, video cameras and video 
tapes. 


Electronic Communication dated 8/4/96, drafted by SA b7¢ 
requested Materials and Analysis Unit to 

examine item - piece of glass fragment imbedded in lavatory E 

left outside wall panel, to determine the composition of the 

glass and possible sources of the specimen. 


Electronic Communication dated 8/14/96, drafted by SA 

requested Special -Photographic Unit to process 
and print eleven (11) cameras containing film, various 135 mm 
film and two (2) TDK TC-30 VHS. 


ctronic Communication dated 8/16/96, drafted by SA 
requested the Chemistry and Toxicology Unit 
to examine item #31- floor panel with attached tag bearing number 
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ae pes aver: and other materials. 


To: FBIHQ LABOR May DIVISION From: New 9. 
Re: 265A-NY-259028, 12/10/1996 


* 815-21 and identified-lot rumber 8/9/96- ay for the ee of 


“Blectronic Communtcation’ ‘a@ated 8/17/96, “drafted by SA bi 
aaa eae, requested the Chemistry and Toxicology Unit 

to examine item #32- floor panel with attached tag bearing number 

817-5 and identified lot number 8/5/96-70 and item #33- three (3) 

viles containing scrapings from floor panel, for the presence of 
explosives and other materials. 


Electronic Communication dated 8/26/96, drafted by SA 
SE“ <c1est <3 the Chemistry and Toxicology Unit 
to examine item - canvas sheet, for the presence of explosives 
and other materials. 


Electronic Communication dated 9/07/96, drafted by SA b7& 
requested the Chemistry and Toxicology Unit 
to examine items #35 - one (1) piece of carpeting 20 1/2" x 15’, 
#36 - one (1) piece of carpeting 20 1/2" x 9’ 6", #37 - damaged 
section of starboard fuselage near section 920, #38 - metal 
fragment, #39- fractured duct flange, #40 - section of damaged 
fuel probe, for the presence of explosives and other materials. 


The communication also requested Materials and Analysis 
Unit to conduct appropriate metallurgical examinations of items 
#37 thru #40, to characterize the deformation, thermal damage 
and/or fractures. 


Electronic Communication dated 9/09/96, drafted by SA 
ED «oxuested the FBI Laboratory to conduct b7& 
appropriate examinations of six (6) pieces of leather to 
determine if the leather pieces are debris from captioned matter. 


Electronic Communication dated 9/11/96, drafted by SA 
requested the Chemistry and Toxicology Unit to 

examine items #1 - surface of wing rib, #2 - black back pack, #3 
~ gray plastic child’s car seat, #4 - tan bag made for York 
Luggage, #5 - fragmented piece of luggage, #6 - fragmented piece 
of silver colored metal and #8 - fragmented piece of silver 
colored metal, for the presence of explosives and other 
materials. Item #7 - white powder, was to be examined to 
identify the nature of the substance. 


The communication also requested Materials and Analysis 
Unit to conduct scanning electron microscope (SEM) examinations 
and metallurgical examinations of item #6 and #8, to determine 
type of metal and characterization of the small holes thereon. 


Electronic Communication dated 9/12/96 drafted by SA b7G 
requested Chemistry and Toxicology Unit to 
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To: FBIHQ LABORAQ@BXY DIVISION From: New YOrk 
Re: 265A-NY-259028, 12/10/1996 


ie ea item #41- one. (1) ‘piece of blue carpet, for the presence 
plosives and.other materials. : bc = 


Electronic Communication dated 10/04/96 drafted by SA  [gp9G® 
requested Chemistry and Toxicology Unit to 
examine items 2- one (1) piece of gray carpet approximately 4" 
x 91/2" and #43 - one (1) piece of gray carpet approximately 
7" x 14", for the presence of explosives and other materials. 


Electronic Communication dated 11/08/96 drafted by SA 
requested Materials Analysis Unit to 
conduct scanning electron microscope (SEM) examinations and other 
appropriate metallurgical examinations on item # 45 - one (1) “L- 
shaped” piece of metal approximately 3 1/2’ believed to be a 
section of wing, to determine failures and whether this item 
suffered explosive damage of any type. 


The communication also requested Chemistry and 
Toxicology Unit to examine #45 and conduct appropriate analysis 
including, but not limited to, tests for explosive residue. 


Electronic Communication dated 11/13/96 drafted by SA Ip TO 
requested Chemistry and Toxicology Unit to 

examine items #46 - lower left back of seat 2 row 19, #47 - upper 

left corner back of seat 6 row 18, #48 - upper right corner back 

of seat 7 row 19, #49 - upper left corner back or seat 8 row 17, 

#50 - upper right corner back of seat 9 row 26, #51 - upper right 

corner back of seat 6 row 24, #52 ~ top center section back of 

seat 2 row 27, for explosive residues and identify the presence 

of any other materials, particularly those not normally 

associated with adhesives. 


The communication also requested Materials and Analysis 
Unit to examine the items to identify all known substances. 


Electronic Communication dated 11/19/96 drafted by SA 7c 
es requested Chemistry and Toxicology Unit to 
examine item #LF-5 - two (2) jars; one of swabbings of the 
outside of skin of LF-5 and one containing a sample of the 
solvent used, for the presence of explosives and other 
materials. 
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we ee ee, ‘August. 5, 1996 


To:" ADIC, NEW YORK 


FBIFileNo. 265A-NY-259028 


Lab No. 60725009 D HD 


Reference: Evidence receipt dated July 25, ane 


Your No. 265A-NY-259028 


Re: TWA Downing Aone Ce 


Specimens received: July 24, 1996 
Specimens: 
Q9 One (1) strip of color 35-mm (Fuji G-400) negatives 


(4 frames exposed 1A-4A) 


Results of examination: 


The (Q9) strip of color negatives was examined and 
frame #4A was selected for further examination. Prints of the 
selected frame were made using conventional photographic 
techniques to extract maximum image detail. The selected frame 
was scanned electronically to produce a digital image. The 
image was processed digitally using an equalization operator A 
and printed to extract maximum image one L 2 
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The submitted evidence and photographs produced in 
this examination are being” returned herewith. 
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5 ates August 5, 1996 


‘To: ADIC, NEW YORK ; 
FBI FileNo. 265A-NY-259028 
Lab No. 60725009 D HD 
Reference: Evidence receipt dated July 25, 1996 
Your No. 265A-NY-259028 
Re TWA Downing 
Specimens received: July 24 1996 
Specimens: 
Q9 One (1) strip of color 35-mm (Fuji G-400) negatives q 
(4 frames exposed 1A-4A) — 
’ 


Results of examination: — 


The (Q9) strip of color negatives was examined and 
frame #4A was selected for further examination. Prints of the 
selected frame were made using conventional photographic 
techniques to extract maximum image detail. The selected frame 
was scanned electronically to produce a digital image. The 
image was processed digitally using an equalization operator 
and printed to extract maximum image detail. 
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-" "Dates October 29, 1996 


: Date: < 
To: 
_ ce of - Medical Examiner pic 


Sidney B. Weinberg Center for 


Forensic Sciences FBI File No. 265A-NY-259028 
Building #487, North County Complex 
Veteran's Memorial Highway LabNo. E-10969 


Hauppauge, New York 11787-4311 


Reference: FBI, New York telephone call July 17, 1996 


Your No. we 


Re: UNKNOWN SUBJECT(S); 
EXPLOSION OF TWA FLIGHT #800; 
JULY 17, 1996; 
ACTS OF TERRORISM - INTERNATIONAL 
TERRORISTS - EXPLOSIVES AND INCENDIARY DEVICES 


Specimens received: 


The following report covers the work of the FBI 
Disaster Squad and the Suffolk County, New York, Police 
Department in connection with the examination of victins’ 
remains in an effort to obtain inked prints for identification 
purposes through August 7, 1996. : 


One hundred ninety-six bodies and numerous body parts 
from two hundred thirty victims were examined, resulting in 
fingerprints and footprints being obtained. 


Ninety-seven of the victims were identified by 
fingerprints and a footprint from one hundred parts: ‘Of sthe.. ee 
remains. . The FBI certifies the fingerprint and footprint A aye 
identifications are positive identifications. 
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October 29, 1996 BIC 


.. + 3 Phe identifications effected by fingerprints and the 
footprint are set forth om an attached list. ©). 00 


Su are - so 


The fingerprint cards and personal effects received 
by the Suffolk County Police Department are being returned, 
under separate cover, to the Suffolk County Police Department 
for final disposition. The remaining items will be returned by 
the FBI Disaster Squad to the respective contributors. 


1 - Commissioner 
Suffolk County Police Department 
Attention: 


b7¢ 


30 Yaphank Avenue 
Yaphank, New York 11980 


Page 2 
LC #E-10969 


Aikens, Sandra Lee -y 


She was identified with fingerprints 


Anderson, Seana Michele ;{ | 
She was identified with a cine | 


Babb, David Alfred - qq 


He was identified with a right footprint 


Baszczewski, Daniel s ; ; b76 


Beatty, Charles Ross -p 


He was identified with finge rints 


Becker, Michele - (gay? 


-She was identi th fingerprints 


Bohlin, Michelle Elizabeth -—P A 8 


She was identified with fingerprints 


Ppt Sie tetera treed cn ead SL topes dpe ch acataheled cor oeda even ner cree eens nce 


aos. 


Bossuyt, Luc Yvon ~ qa 67 
_ 7 


He was ‘Yaentified with a finger rint 


Buttaroni, Mirco - 


He was identified with feo 
Caillaud, Anthony 7 


He was identified with a fingerprint 


Callas, Daniel John -— 


He was identified with fingerprints 


Campbell, Jr. _ Richard Gordon Fle ag 


He was identified with fingerprints 


Carven, Joseph A. (parents’ name Vonhedrick) , 


He was identified with a fingerprint 


Carven, Paula Ann ,  6f 


bac 
pi1D 
bG 


She was identified with_ 


Charbonnier, Jacques Raoul > bIC 


2 


fingerprints 


Christopher, Janet Louise 2, 0Olti 


She was identified with fingerprints 


Crandell, Pamela Lee - Qa 
b7C 
She was identified with fingerprints LID 
bG 


Dadi, Marcel - Cp 


He was identified with a fingerprint 


D'Alessandro, Anna - Qqgayp 
She was identifi i otographic co of a 
ee 


Dickey, Deborah Ann - ap 


Sieg patncbie ganines o 


Dodge, Jr., Warren Andrews -Qu bI< 
G 


He was identified with fingerprints 


Duarte-Coiner, Ana Tally - iii 


She was identified with fingerprints. 


Edwards, Daryl Kevin - wy 


He was identified with fingerprints 


Eshleman, Douglas - gy 
b7C 


He was identified with fingerprints b7D 


bG 


Estival, Alexandre - ap 


He was identified wit j 


‘Feeney, Deirdre -ap 


Gabor, Danie] Kirk - QP b7¢ 
| biD 


e was identified with a fingerprint be 
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Gasa, Francis Gaston -Qqy 


He was identified with fingerprints 


Gough, Donald Ellis - 


He was identified with fingerprints 


Graham, Steven Kenneth - QD 


He was identified with _a fingerprint 


Gray ITI, Charles H. - 


e 


entified with fingerprints 


Griffith, Donna , ¥ 


She was identified with fingerprints 


Griffith, Jo-Anne 


b7c 
lb7D 
be 


- Hammer, Tracy Anne Ga 


Grivet, Cyril Daniel Gi 


He was identified with fingerprints 


She was identified with a fingerprint 


Hochard, Jean Pierre a 


th a fingerprint 


Hogan, Jr., Harry David ———" 


Holst, Eric 


He was 


Holst, Virginia iy 


She was identified with _a fingerprint 


b7¢ 
bID: 
b6 


Ingenhuett, Lonnie L. Ep 


He was identified with fingerprints 


b7c 
y7D 
be 


Johns, courtney. E. a b7¢ 


. 


‘fingerprints 


Johnsen, Arlene Ellen - aay 


She was identified with fingerprints 


Johnson, Eleanor Ann iy 


She was identified with fingerprints 


Karschner, Amanda _M. 7? 


erprints b7C 
b7D 
bb 


Kevorkian, Ralph George - 


He was identified with fingerprints 


ee Oliver - a 


He was identified with fingerprints 


b7c 
Krikhan, Margot - = b7D 
Krikhan, Margot -(yyp ee | bG 


She was identified with a fi 


Krukar, Andrew —_—_ | bp1G 
bID 


He was ident 


Kwiat, Kimberly - aa 


She was identified 


She was identified with a fingerprint 


Laforge, Alain - 


He was identified wi 


He was identified with a fingerprint 


-* ; 
Lang, Raymond A. -Q@uay 


He was identified with fingerprints 


Lockhart, Maureen Margaret ay 


She was identified with fingerprints 


b7C © 
b7D 


bG 


Loffredo, Elaine Frances 


sO -tdentified with fingerprints®y bl ~ 


Luevano, Jr., Elias V. -ii 


He was identified with fingerprints 


Lychner, Kathern Elizabeth . Jf 


She was identified with fingerprints 


Lychner, Pamela Sué - a 


She was identified with fingerprints 


b7L 
b7D 
bG 


Lychner, Shannon Evain - 
She was identified with fingerprints 


Manchuelle, Edouard Francois i. 


He was identified with fingerprints 


Mazzola, Salvatore - - bic 
b2D . 


He was identified with a_finge 


McPherson, Pamela Vincentia - aa 


She was ‘id eae 


Meade, Sandra J. -W 


She was 


Miller, Gideon B. -wp 


He was identified with fingerprints 


Miller, Joan -— 
bIC 


She was identified with fingerprints b7p 
bG 


Miller, Robert Philip -Qqyyy 


He was identified with fingerprints 


b7e. 
b7D 
be 


Nelson, Alecia Carlos - 


She was identified with fingerprints 


Notes, Gadi, QD b7¢ 


“{faentifiea with fingerprints' 1D- 


ad 


G 
O'Hara, Caitlin yyy 
She was identified with fingerprints 
O'Hara, John Joseph - 
Omiccioli, Monica iy 
e a J e e e b7c 
She was identified with fingerprints b7D 
bG 


Orman, Alan Jay - ap 


He was identified with fingerprints 


She was identified with fingerprints 


Privette, Brenda Kay eo 
b7c 


She was identified with fingerprints biD 


bG 


Deny romengee pen pres pap sgn TR at me tee 


Rhoads III, Harry Short - ep | bic 


He was identified with fingerprint 


Rhoads, Marit E. =- 


Richter, Annelyse Qa 


She was identified with a fingerprint 


Rojany, Yon Michael - 


was identified with a fingerprint b7¢ 
aa b7D 
ams be 
Schuldt, Michael George Qa 
He was identified with fingerprints 
Scott, Joseph Michael Be = i 
Shorter, Ana Maria =  ¥; 
She was identified with fingerprints 
; . b7¢ 
silverman, Candace Beth - b7P 
ve : bG 


“ She. was identified 


Joram g eet ene pete ee he tae eon im ln enrone Ceeee perearnen 


A . . VO 
Simmons, Olivia J. ~ b 
bip 


\Xo « 


She was 


Torche, Melinda Diane a 


She was ide 


Uzupis, Larissa - Oy 
She was ae i fingerprints Qe 


Verhaeghe, Rick Lee - _f 
p7¢ 


He was identified with fingerprints vID 
bG 


Warren, Lani Elaine 7 


Watson, Jacqueline x 3 


--~-$h s identified with a fingerprint 


Weatherby, Thomas - ti‘“‘i 
He was taentified with fin erprints 


bID 
bé 


bI7C 


Windmiller, Ruben ~ Qayyyay> b7c 


He was identified with fingerprints 


Wolfson, Wendy -Qqp> 


She was identified with a fingerprint 


Wolters, Bonnie - oe : 


She was identified with fingerprints 


Ziemkiewicz, Jill Ann ~ Sp b7Cc 
. b7p 
bG 


‘She was identified with fingerprints 
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a ee et A a e+ Bates = November 14, 1996 =F 


To; ADIC, New York i 
FBIFileNo. 265A-NY-259028 
Lab No. 61112026 S RU VJ 
Reference: Communication dated November 7, 1996 ee 
: RE Rif CO 
Your No. 265A-NY-259028 (Pending) 
op 
re: UNSUB(S) j Lv 
EXPLOSION OF TWA FLIGHT # 800; 
07/17/96; 
AOT ~- IT; EOD; 
Specimens received: At Grumman on November 8, 1996 
Specimens: 
Q97 #44 entrapped material from SWB #2, CW702 approx. 
41.7 RBL. : 
Result of examination: 
Specimen Q97 is a piece of woven fiberglass. 
The submitted item will be returned to vou maaee 
separate cover by registered mail. ese me, ae 
265A-NY-259028-SUB L pt 
fo 
ALL INFORMUTION CONTADNED 
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FEDERAL BUREAU OF INVESTIGATION 


- 
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Date of transcription 9/10/96 


The NATIONAL TRANSPORTATION SAFETY BOARD, Fuel Systems 
Sub-Group regarding the July 17, 1996 crash of Boeing 747-131, 
N93119 operated by TRANS WORLD AIRWAYS (TWA) as Flight 800 
in East Moriches, New York met with representatives from the 
George C. Marshall Space Flight Center, National Aeronautics and 
Space administration Huntsville, Alabama to review the following 
components of the above described aircraft. 


1. 22 segments of fuel sensors. 

2. 8 1/2 fuel transfer pumps. 

3. 5 fuel gauges. 

4. 1 flight engineer fuel jettison panel. 
5. 1 flight engineer panel. 

6. 5 circuit breakers. 


These items were boxed by (iii aases 
SEE vr tonat TRANSPORTATION SAFETY BOARD (NTSB) and —° - 


transported ‘by him from Long Island, New York to Huntsville, 
Alabama. 


aintained care custody and control 
of these components along vith iD o£ the NTSB- 
and of the NTSB. pon the completion of the 
investigation at the MARSHALL SPACE FLIGHT CENTER, 


repacked the above described evidence and transported it back: = 
to Long Island, New York. : as 


Attached is a list of the individuals from the NTSB 
Fuel Systems Sub-Group and employees of the MARSHALL SPACE -FL 
CENTER who assisted in the dismantling of the above listed pa: 


At the conclusion of the dismantling of the above- . 


described parts, the NTSB reached the conclusion that none of. 
these parts were the cause of the above described aircraft 


accident. A thorough report of this investigation wil 6BR-NY-292%: 
written by CE: 07 the NTSB in the near future. =<‘ 


Investigation on 08/24-26/96 a Huntsville, Alabama 
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FEDERAL BUREAU OF INVESTIGATION 


16/01/1995) 


_ Precedence: . ROUTINE wa. tl. Bate: 02/06/1997 .. 


To: LABORATORY DIVISION 
ATTN: SCIENTIFIC ANALYSIS SECTION; 
PAINTS AND POLYME 


FORENSIC EXAMINER qi b7c 

From: ADIC, NEW YORK (SQUAD I-46) _ 
contact: 
roproved 2: 
"Drafted By: Qi 


Case ID #: 265A-NY-259028 (Pending) 


Title: UNSUBS; 
EXPLOSION OF TWA FLIGHT 800; 


AOT-IT~EOD . 
Synopsis: Transmittal of evidence to the Laboratory Section. i~ | 
# , 
Package Copy: Being forwarded under separate cover is one es | 
package containing evidence seized in connection with captioned 
matter. The items listed below will be sent via Federal Express 


to the Laboratory Division. The evidence being submitted is 


described as follows: Tc 
Item Marked # MM1 CW-504 LBL-104 02/05/97 
Item Marked # MM3 CW-504 LBL-106.72 02/05/97 
Item Marked # MM4 CW-504 LBL-106 02/05/97 


Item Marked # MM5 CW-114 


The items set forth above, MM1, MM3, MM4, and MM5 
‘represent one piece (in each bag) of splatter material, brown in 


color, retrieved from the upper outboard (port) posterior side of 
CW 504. 


DETAILS: The above listed items were retrieved from the upper 
outboard (port) posterior side of CW 504 which is part of the 


front spar of the Center Wing Box of TWA flight 800, also known 
as TWA Equipment 17119. 


} 


_FED ERAL BUREAU OF INVESTIGATION 
To: SAC, DIVISION IT From: NEW YORK 


Re: 265A-NY- Ses028, 02/06/1997 


16/01/1995) 


ome . s . 
cum 


ee ee ee it aS ee on 


ete 2 comme mt mie ial wie dr a Part 


tt should be Hoted that the same materia: noted as 
Item MM1, Item MM3, Item MM4 and Item MM5, was submitted to the 


FBI Laboratory via Federal Express, airbill number 3920905015 on 
February 6, 1996. 
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To: LABORATORY DIVISION From: NEW YORK, SQUAD I-46 
Re: 265A-NY-259028, 02/05/1997 


* 
om. 


See 


Set Lead 1: 


LABORATORY DIVISION, SCIENTIFIC ANALYSIS SECTION, PAINTS AND 
POLYMER SUB UNIT; at FBIHO, Washington, D.C. 


CHEMISTRY TOXICOLOGY UNIT, PAINTS AND POLYMER 
SUB UNIT, is requested to examine items marked # MM1, MM3, MM4 
and MM5, and attempt to determine the composition of the samples 
provided herein. 
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FEDERAL BUREAU OF INVESTIGATION 


“Precedepce: "ROUTINE Ura pe Date: 02/06/1997 


fo: SAC, DIVISIONI =< a ASAC ‘CHARLES DOMROE 
ra 
EVIDENCE CONTROL 


From: NEW YORK 
I-46 


contact: (a: 
roorovea oy: 
Drafted by: (i. 


Case ID #: 265A-NY-259028 (Pending) 


Title: UNSUB(S) 
EXPLOSION OF TWA FLIGHT 800; 
JULY 17, 1996 
AOT-IT-EID 


Synopsis: EVIDENCE TO BROOKHAVEN NATIONAL LABORATORY 


Details: On February 4, 1996, a meeting was held at BROOKHAVEN 
NATIONAL LABORATORY, Upton, New York 11973-5000. The purpose of 
said meeting was to solicit any resources available at the 
Laboratory which might assist in determining a cause which 
resulted in the explosion of TWA flight 800 on January 17, 1996. 
Present at the aforementioned meeting were FBI investigators and 
FBI Laboratory personnel from FBIHQ, NTSB personnel, and 
BROOKHAVEN LAB personnel. 


Pursuant to a mutual agreement between the FBI and the 
SEE BRooKHAVEN AS, the following piece 
of material taken from TWA flig on February 5, 1997, will 


be turned over to BROOKHAVEN for the express purpose of 
determining the composition of same: 


MM7, CW=-129 
One piece of splatter material, brown 
in color, retrieved from the interior 
surface of CW 129 which is located on 
the upper surface of the center fuel 
tank. 


LATION CONTAINED 
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tories 
Dept lates Applenton W232) 
subject. trip Report (11/7/96), Inspection of TWA800 wreckage 


On Trursday, 11/7/96, at the request of the FBL, 1 inspected aircraft wreckage from the 
crash of TWA Flight 800. My FBI contact for this imspection tour was Special Agent 

I Laboratory Explosives Unit, Sq for this 
case), there were three other agents from that unit also present. While ther¢ I also met 


with two representatives from the NTSB Office of Aviation Safety QD 
(Aerospace Engineer), as well as Special 
Agent om the Aviauon Explostves Security Division. . 


SF. 


” 
at 


_ of all of the recovered parts areas, I focused my attention primarily on : 
“so of the remams of the center fuel tank, 


-- 2+: cank is a nigid, rougbly rectangular, ahuminum box It is divided mtc 
tori, inn meats by floor-to-ceiling partitions which mn side-to-side. The Grst 
uit arch. is sealed from the tank and is used as a dry-well (p special se 
oe The in-tank partitions, presumably used to reduce fuel sloghing, are constucted ot. 
vertical I-beams (aluminum) about a foot apart, covered oyfffRe Ade with thin aluminum 
sheet. There are fuel pass-through holes about three to fou thes diameter along the 
bottom of the partitions an inch or two above floor level. §:¥ 


wig 


2. ELECTRICAL PUMPS AND PROBES 
Twas told that there are five electrical fuel pumps m the tank which are in sumps in the 
> floor. There are seven electrical fuel level (or quantity) probes in the tank (I didn’t see any, 
but theit approximate origmal locations were given by plastic pipe surrogates suspended 
frora the ceiling). I was shown a fuel probe from a wing tank, which is presumably similar 
to the center tank probes, but of shorter length. Individual electrical sections within the 
probe were connected to each other with bare electric wire running between screw-and- 


nut terminals, 
5 Ev (JE NCE OF GAS-PHASE DETONATION oe ; 
To. 5. + «i that there appear to be two zones in the center fuel fank that show evidence of | 


(omg forward) of the first compartment, and the second, tow 


SE a 
second compartment. The reason for believing that detonations occurred m ese = 
areas was the amount and degree of metal bendmg and crushmgs 


posstis ge phase detonation. One, adjacent to the aide wall, “ha ‘Tiglit-han@’side 


seevr 
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There.are several uniquely distorted and fom pieces of metal within the fuel tank which 


| Pa iniay-be amenable to mechanical and computer analyses which could yield pressures. and 


pressure distributions which had existed inside the tank at the tinge it exploded. (It should 
be noted here that evideace of gas-phac> detonation is quite different than that from 
condensed-phase detonations, the former producing pressures of 10-20 atmo spheres and 
the latter pressures of 50,000-400,000 atmospheres). 


4. IGNITION POINT LOCATION ; 

The ignition source or initiation point appears to originate at the same location that was 
once occupied by an as yet unrecovered elecrrical firel Jevel probe at the center of the zone 
which seemed to have detonated at the right front comer of the tank (m the first 
compartment). 
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Zones where occurence of 
detonation is suspected 
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j XXXXXX 
FEDERAL BUREAU OF INVESTIGATION 
FOIPA 
DELETED PAGE INFORMATION SHEET 
3 Page(s) withheld entirely at this location in the file. One or more of the following statements, where indicated, 
+ “.., explain tus: detettim. > 0 Fig a 


ee : 2 dditen, Sede! Oe a ee ee ee 


Deletions were etnade pursuant to the. exemptions indicated below with no euceaste material available for 
release to you. 


Section 552 Section 552a_ 

O (b)(1) O (b)(7)(A) O (d)(5) 
O 2) O (7B) O (x2) 
O(b)(3) O (b\(7)(C) O (k)(1) 
6 call OD (b)(7)(D) OD «&2) 

of Criminal Procedure O ONX7\(E) O (K)) 
O w)\7(F) O (K\(4) 

D 4) O (yg) O (k\5) 
D x5) ~ D (by9) 0&6) 
O ox6) O (k\(7) 


O Information pertained only to a third party with no reference to the subject of your request or the subject of your 
request is listed in the title only. ; 


© Documents originated with another Government agency(ies). These documents were referred to that agency(ies) 
for review and direct response to you. 


Pages contain information furnished by another Government agency(ies). You will be advised by the FBI as 
to the releasability of this information following our consultation with the other agency(ies). 


Page(s) withheld inasmuch as a final release determination has not been made. You will be advised as to the 
disposition at a later date. 


Pages were not considered for release as they are duplicative of 


Page(s) withheld for the following reason(s): 


[ The following number is to be used for reference regarding these pages: 
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XXXXXXXXXXXKXKXKK 
X Deleted Page(s) Xx 
X No Duplication Fee X 
X for this page x 
XXXXXXXXXXXXXXXXK 
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FEDERAL BUREAU OF INVESTIGATION 
Pat __ |. WASHINGTON, D.C. 20935 


“Dae: Tanuary 24, 21997 
Ts. ADIC, New York 


FBI FieXc. 26S5A-NY-259023 


Lub No. 60723031 S$ AD AK RU 
60730006 S AD RU 
60730007 S AD RU 
60696602 S AD 2G 
Reference: Sommunication dated culy 22, 1936 60909002 $ AD AR 20 
61118011 S$ AD HJ 
61127057 $ AD HK 


Your Na. 26SA-NY-259028 


Re: UNSUBS ; 
EXPLOSION OF TWA FLIGHT #650¢C; 
AOT-IT; 
EOD 
OC: NEW YORK 


Specimens received: July 23, 1996 

Specimens: 7 aa 

Ql Section cf aircraft wing (your aon ys 

C2 Black back pack (your item #2) Jay 3 4 Oe 

Q3 Children’ $ car seat (your item #3 Fed kw 

04 Tan colored piece of luggage 

Qs Fragmented piece of luggage (y@kr item #5) y 
O¢6 Silver colored metal fragzent {your item #6) 

Q7 Unknown white powder (your iteg #7) a 
O8 Silver colored metai fragment ur item #8) OSS | 


te im Tan 


ba dae 
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RCUND INFORMATION: 


Your office advised that on 7/17/55 at approximately 
PM a Boeing 747 aireralt designated TWA Flight 800 exploded 
r the Atlantic Ocean approximately 20 miles south ef the 
g Island, New York coast. In an effort te determine the 
cause of the explosion numerous pieces si wreckage have been 
sent to the Laboratory for examination. 


METALLURGY EXAMINATIONS: 
60723033 $ AD AR RU 


Metallurgical examinations of specimens ¢é and. Q8 
vevealed no characteristic indicative of blast damage. The va 
observed surface damage was concluded to be attributable to 
corresion mechanisms, with the excevtion of certain 
manufacturing/service anomalies. 


60730006 S AD RU 


Metallurgical examinations of specimens Q18 and Q19 ay 
revealed no characteristic indicative of blast damage. The 
surface damage exnibited is cconcluded to be the result of 
corrosion. 


60730007 _S AD RU 


Metallurgical examinations of specimens Q20 through 
O24 revealed no characteristic indicative of blast damage. The 
observed surface damage was concluded to be attributable to 
corrosion mechanisms. 


60309001 S AD AR RU 


Joint evaluation by FBI and Nationai Transportation 
Safety Board (NTSB) metallurgists of the 090 portion of 
fuselage and Q91 fuselage fragment revealed no exogenous 
deposit of apparent probative value or characteristic of 
proximity to a high order explosive. 


fuel probe were released to the custody 


The 092 £ractured duct flange ¥ tne 993 secti 
NTSB, on September 11, 1396, and will be 


bic 


€ subject of a 


separate report by NTSB. 
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et ab ee one Metallurgical examinations of the Q110 section 
revealed no charactéristic indicative of high explosive damage. 


GLASS EXAMINATION: 


60806002 S AD ZG 


Although the origin of the Q83 glass fragment cannot 
be precisely realized, optically, physically and 
compositionally this glass is generally characterisrie of that 
use in “light bulbs” and fluorescent tubes. 


PRINT EXAMINATION ; 


Specimens 098 through 0107, Kl and K2, were examined 
micrescopicaily. The paint samples Ki and K2 exhibited the 
following layer structures: 


Clear 

Orange 

Dark Orange 
Black primer 


mw wee 


Present in tne depris removed from C98 and Q99 were numerous 
particles of single layered paint-like samples and several 
multi-layered chips. S3ased upon the comparison examinations 
conducted, the paint samples from 98 and Q95 could not be 
asscciated with Q101, Q203, or Q@i07, however, the samples from 
O32 and Q32 could net be eliminated as having originated from 
the sources represented by Kl or K2. The red smears on Q190 
and Q.C2 were microscopically consistent with 0106. The blue 
samples Q104 and Q105 were compared and dissociated by 
microchemical tests. No source could be determined for Q104, 


DISPOSTTION OF SDECIMENS : 


The submitted specimens will be returned to your 
cffice under separate cover via registered mail or equivalent. 

Please call the Explosives Unit-Bomb Data Center, 6 
(202) _— if you have any cuestions concerning the b 
results of examinations in this case. 
race 3 
6072363. $ AD 
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FEDERAL BUREAU OF INVESTIGATION 
ae _ WASHINGTON, D. C. 20535 
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=e Sak SF So Sthete st ae. -" Date: -March 26,1997 
To: ADIC, New York 


FBIFileNo. 265A-NY-259028 


Lab No. 60723031 S AD AR 
60730006 S AD RU 
60730007 S AD RU 
60806002 S AD ZG 
Reference: Communication dated July 22, 1996 60909001 S AD AR RU 
61118011 S AD HJ 
61127057 S AD HK 
Your No. 265A-NY-259028 60727032 S AD AR 
60728031 S AD AR 
Re: UNSUBS ; 60804032 S AD AR 
EXPLOSION OF TWA FLIGHT #800; 60817031 S AD AR 
AOT-IT; 60818061 S AD AR 
EOD 60830005 S AD AR 
OO: NEW YORK 60912038 S AD AR 
_ 61007005 S AD AR 
Specimens received: July 23, 1996 
Specimens: The following items were received in the Laboratory 
on July 23, 1996 under your communication dated 
July 22, 1996 and examined undeyeigharatory Number 
60723031 S AD AR RU: i: a a Th olketdinn . | 
Ql Section of aircraft wing (your item #1) 
Q2 Black back pack (your item #2) 
Q3 . Children’s car seat (your item #3) 
04° Tan colored piece of luggage (your item #4) 
QS Fragmented piece of luggage (your item #5) 
Q6 Silver colored metal fragment (your item #6) 
. ; i 
Q7 Unknown white powder (your item #7) _ is 
Q8 Silver colored metal fragment (yqtmeou : eg 
SEARCHLD meee INDEXED 


——— FILED 
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The résults of special Photo. examinations. of Q9 (seis of 


“film, Laboratory Number 60725009 D HD) will be prévided in ™ 
a separate report. 


Specimens: 


Q9 
Q10 
Qll 


Q1l2 


Specimens: 


Q13 


Q14 


Q15 


Q16 


Specimens: 


Q17 


Q18 


Q13 
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The following items were received in the 
Laboratory on July 27, 1996 under your 
communication dated July 27,1996 and examined 
under Laboratory Number 60727032 S AD AR RU: 


Section of floor panel (your item #11) 
Magnet (your item #12) 

Section of floor hatch (your item #13) 
Section of floor panel (your item #14) 


The following items were received in the 
Laboratory on July 28, 1996 under your 
communication dated guly 27,1996 and examined 
under Laboratory Number 60728031 S AD AR: 


Floor panel #187 (Boeing part #65B06099-600) (1B44, 
item 15) 


Floor panel #177 (Boeing part #65B08273-6) (1B45, 
item 16) 


Floor panel #121 (Boeing part #65B08272-12) (1B46, 
item 17) 


Floor panel #76 (Boeing part #65B06278-601) (1B47, 
item 18) 


The following items were received in the 
Laboratory on July 30, 1996 under your 
communication dated July 28,1996 and examined 
under Laboratory Number 60730006 S AD RU: 
One (1) round, domed shaped piece of metal (1B54 - 
your item #19) 


One (1) section of metal (consisting of two (2) 
pieces welded/bonded together) (1B55 - your item #20) 


One (1) piece of metal with two (2) countersunk holes 


(1B46.- your item #21) 


(over) 


60723031 S AD 


- Spécimens: 


Q20 


Q21 


Q22 


Q23 


Q24 


Specimens: 


Q25 
Q26 
Q27 
Q28 
Q29 


Q30 


Q31 


Q32 


Q33 
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The following: items‘ were. received in the 
Laboratory on‘ July 30, 1996 under’ your 
communication dated July 29,1996 and examined 
under Laboratory Number 60730007 S AD RU: 


One (1) piece of metal silver in color approximately 
11 3/4" with several manufacturer holes (1B70 - 
your item #22) 


One (1) piece of alloy like metal 16 7/8" (1B72 - 
your item #23) 


One .(1) piece of alloy like metal 13 1/2" (1B73 - 
your item #24) 


One (1) piece of alloy like metal approximately 7" 
with angled piece riveted to it (1B71 - your item 


#25) 


One (1) piece of silver in color corrugated-like 
metal approximately 12" (1B74 - your item #26) 


One 


One 


One 


One 


One 


One 


The following items were received in the 
Laboratory on July 30, 1996 under your 
communication dated July 29,1996, submitted 
under 1B59 and examined under Laboratory Number 
60730005 S AD ZO XO: 


(1) 


(1) 
(1) 


Pentax 35mm camera (item #1) 
roll 35mm/24 film (item #2) 
disposable Fugi camera (item #3) 
roll of Fugi film (item #4) 
Mamiya 645 camera (item #5) 


Canon Owl camera with nine (9) rolls of canon 


film (item #6) 


One (1) Nikon camera with one (1) roll of film (item 


#7) 


One 


(1) 


roll of Kodak film/25 exposure (item #8) 


Chinon camera with seven (7) rolls of film (item #9) 


60723031 S AD 


(over) 


e 


kien 
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3.934 - One (1) Olympu’s camera (item #11) 


Q35 One (1) video cassette and one (1) roll of £ilm (item 
#10) 

Q36 One (1) Kodak Camera with one (1) roll of film (item 
#12) 

Q37 One (1) Mamiya 645 camera (item #13) 

Q38 One (1) Polaroid camera (item #14) 

Q39 Five (5) rolls of film (item #15) 

Q40 One (1) camera (item #16) 

Q41 One (1) Polaroid film cartridge (item #17) 

Q42 One (1) JVC video camera with tape (item #18) 

Q43 One (1) Olympus AF-10/Super Camera (item #19) 

Q44 Rolls of film (item #20) 

Q45 One (1) Touch Zoom Nikon camera (item #21) 

Q46 Five (5) rolls of film (item #22) 

047 One (1) Minolta camera (item #23) 

Q48 Three (3) rolls of film (item #24) 

Q49 Cat Camera (item #25) 

Q50 Polaroid camera (item #26) 

Q51 Two (2) disposable cameras (item #27) 

Q52 One (1) Contax camera (item #28) 

Q53 Three (3) rolls of film (item #29) 

Q54 Seven (7) rolls of film (item #30) 

Q55 One (1) Minolta camera with two (2) rolls of film 
(item #31) 

Q56 Super film shield containing film (item #32) 

Page 4 (over) 


60723031 S AD 


Q57.~ ee 


Q58 


Q59 
Q60 
Q61 


Q62 


Q63 
Q64 
Qé6é5 
Q66 
Q67 
Q68 


Q69 
Q70 
Q71 
Q72 
Q73 
Q74 


Q75 
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~ oné {1) Nikon: 35mm camera - (item #33): = 


« ol 


One (1) Minolta x700 camera with flash and one (1) 
roll of film (item #34) 


Five (5) rolls of film (item #35) 
Thirteen (13) rolls of film (item #36) 
One (1) Keystone Camera (item #37) 


One (1) Olympus camera and one (1) canister of film 
(item #38) 


One (1) camera with film (item #39) 

One (1) roll of film (item #40) 

Two (2) disposable cameras (item #41) 

One (1) roll of film (item #42) 

One (1) Biboa click Caney Meet #43) 

Two (2) cassettes with player (item #44) 

One (1) roll of film (item #45) 

The following items were submitted under 1B60: 


One (1) Polaroid camera with four (4) rolls of film 
(item #101) 


One (1) Vivitar series 440Z camera (item #102) 


One (1) fanny pack containing a camera and four rolls 
of film (item #103) 


One (1) Minolta Dinax 3xi camera with film (item 
#104) 


One (1) Polaroid camera 635 Ch with one (1) roll of 
film (item #105) 


One (1) Ricoh camera and case (item #106) 


.. ‘Four (4) canisters of film (item #107) 


(over) 


60723031 S AD 


Q77 2 8 One “(1) Olyripus camera with Poue (4) Yofls- o£ film in’ 
"-  °* “<"MacGregor case (item #108) eee we : 
Q78 One (1) Minolta Freedom camera with one (1) roll of 

film (item #109) 


Q79 One (1) Nikon Nice Touch camera and film (item #110) 

Q80 One (1) JVC Camcorder and bag (item #111) 

Q81 One (1) Sony video camera and film in case (item 
#112) 

Specimens: The following item was received in the 


Laboratory on August 4, 1996 under cover of FD- 
192 dated August 3, 1996 referencing 1B104 item 
#28 and examined under Laboratory Number 
60804032 S AD AR: 


Q82 One (1) section of aircraft floor panel (1B104, your 
item # 28) 
Specimens: The following item was received in the 


Laboratory on August 6, 1996 under your 
communication dated August 4, 1996 and examined 
under Laboratory Number 60806002 S AD ZG: 


Q83 One (1) fragment of transparent glass (1B91, your 
item #27) 


The results of Engineering Research Facility examinations 
of Q84 Laboratory Number 60809002 E QZ were provided in a 
separate report dated 9/23/96 (Laboratory #60809002 E QZ). 


Specimens: The following item was received in the 
Laboratory on August 17, 1996 under your 
communication dated August 16, 1996 and examined 
under Laboratory Number 60817031 S AD AR: 


Q85 One (1) section of aircraft floor panel (1B148, your 
item # 31) 
Specimens: The following items were received in the 


Laboratory on August 18, 1996 under your 
communication dated August 17, 1996 and seaned 
under Laboratory Number 60818061 S AD AR: 


Q86 One (1) section of aircraft floor panel (your item 
#32) and three (3) vials of scrapings from floor 
panel (your item #33) 
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‘The following items were received in the 
Laboratory on ‘August:18, 1996 under your 
communication dated August 14, 1996 and examined 
under Laboratory Number 60818062 S AD HD: 


ALSO SUBMITTED: 


Specimens: 


087 


Specimens: 


088 


Q89 


Q90 


Q91 


Q92 


Q93 


One (1) plastic bucket containing eleven (11) 
cameras containing film; various 135mm film 
canisters; and two (2) TDK TC-30 VHS video tapes 


The following item was received in the 
Laboratory on August 28, 1996 under your 
communication dated August 26, 1996 and examined 
under Laboratory Number 60830005 S AD AR: 


One (1) sheet of canvas like material (1B167, your 
item #34) 


The following items were received in the 
Laboratory on September 8, 1996 under your 
communication dated August 29, 1996 and examined 
under Laboratory Number 60909001 S AD AR RU: 


One (1) piece of carpet approximately 20.5" (inches) 
wide by 19’ (feet) long (your 1B193, item 35) 


One (1) piece of carpet approximately 20.5" (inches) 
wide by 9’ (feet) 6" (inches) long (your 1B192, item 
36) 


One (1) section of aircraft fuselage (your 1B194, 
item 37) 


One (1) metal fragment from 1B194, item 37; cutoff 
wheel control sample with vacuuming (your 1B195, item 
38) 

Fractured duct flange (your 1B1i96, item 39) 


Section of damaged fuel probe (your 1B197, item 40) 


ALSO SUBMITTED: 
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Two (2) sets of photographs 
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' .Spec3mens: - --The following item was received in the .-. 

os oe ‘Laboratory_on September 12, 1996 under your 
communication dated September 10, 1996 and 
examined under Laboratory Number 60912038 S AD 
AR: 


Q94 One (1) section of blue carpet (1B200, your item #41) 


Specimens: The following items were received in the 
Laboratory on October 7, 1996 under your 
communication dated October 4, 1996 and examined 
under Laboratory Number 61007055 S AD AR: 


Q95 One (1) section of carpet approximately 4" X 9" with 
miscellaneous wires (your 1B236, item #42) 


Q96 One (1) section of carpet approximately 7" X 14" 
(your 1B237, item. #43) 


The results of Materials Analysis examinations of Q97 
(Laboratory Number 61112026.S VJ RU) will be provided in a 
separate report. 


Specimens: The following items were received in the 
Laboratory on November 27, 1996 under your 
communication dated November 22, 1996 and 
examined under Laboratory Number 61127057 S AD 


HK: 
Q98 Scrapings (A) (Lab #827-8) 
Q99 Scrapings (B) (Lab #926-23) 
Q100 Scrapings (C) (RF-4) 
Q101 Samples from motorcase body (F) 
Q102 Samples from LF59 (G) 
Q103 Samples from engine thrust reverser actuator CH) 
Q104 Scrapings (I) (25087) 
Q105 Sample from tray table insulation (J) 
Q106 Paint samples from fuselage 
Q107 Samples from drone body (E) 
Q108 Not used 
Page 8 : (over) 
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ae: ig 4 “Samples from‘ orange dolly (D). 
K2_ . Samples from orange dolly #2 (K) 
Specimens: The following items were received in the 


Laboratory on November 18, 1996 under your 
communication dated November 7, 1996 and 
examined under Laboratory Number 61118010 S/D AD 


HD: 
Q109 One (1) bucket containing various cameras and film 
Specimens: The following item was received in the 


Laboratory on November 18, 1996 under your 
communication dated November 8, 1996 and 
examined under Laboratory Number 61118011 S AD 
HJ: 


Q110 One (1) section of bent (L-shaped) light weight metal 
approximately 100" in length (your 1B45, item #1) 


Specimens: The following items were received in the 
Laboratory on November 14, 1996 under your 
communication dated November 13, 1996 and 
examined under Laboratory Number 61114052 S AD 


HK: 

Q110a Piece from aircraft seat (your 1B270, item #46) 
Q111 Piece from aircraft seat (your 1B270, item #47) 
Q112 Piece from aircraft seat (your 1B270, item #48) 
Q113 Piece from aircraft seat (your 1B270, item #49) 
Q114 Piece from aircraft seat (your 1B270, item #50) 
Q115 Piece from aircraft seat (your 1B270, item #S1) 
Q116 Piece from aircraft seat (your 1B270, item 452) 
Specimens: The following items were received in the 


Laboratory on January 28, 1997 under cover of 
communication dated January 27, 1997 and were 
examined under Laboratory Number 70128025 S AD 
AR: 


Q117 Swabbing (Your #1) 
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vo118 
Q119 
Q120 
Q121 
NE1 
NE2 
NE3 
NE4 


Specimens: 


Q122 
Q123 
Q124 
Q125 
Q126 
Q127 
NE5 

NE6 

NET 


Specimens: 


Q128 
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- Swabbing 


-(reuly #2) 
Swabbing (Your #3) 
Swabbing (Your #4) 
Swabbing (your #5) 
Photograph 
Photograph 
Photograph 


Swabbing with gloves 


The following items were received in the 


Laboratory on January 24, 


1997 under cover of 


communication dated January 23, 1997 and 
examined under Laboratory Number 70124029 S AD 


AR: 
Swabbing 
Swabbing 
Swabbing 
Swabbing 
Swabbing 


Swabbing 


(your #1) 
(your #2) 
(your #3) 
(your #4) 


(your #5) 


‘(your #6) 


Photograph of swabbing locations #1 through #5 


Photograph of swabbing location #6 


Test swabbing with gloves 


The following items were received in the 


Laboratory February 7, 


1997 under cover of 


communication dated February 6, 1997 and 
examined under Laboratory Number 70207064 S AD 


HK: 


One (1) piece of splatter material (your item #MM1 
CW-504LBL-104) 


60723031 S AD 


(over) 
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Q129- = | One (1) piece of splatter material (your item #MM3 
- = «> CW-504LBL-106.72) tee HRS aaa 
Q130 One (1) piece of splatter material (your item #MM4 
CW-504LBL-106) 
Q131 One (1) piece of splatter material (your item #MM5 
CW-114) 
NE8 One (1) blade 


Results of Examination: 
GENERAL INFORMATION: 


This report incorporates the information provided in 
a draft report dated 1/31/97 ( Laboratory #60723031 S AD RU, 
60730006 S AD RU, 60730007 S AD RU, 60806002 S AD ZG, 60909001 
S AD AR RU, 61118011 S AD HJ, 61127057 S AD HK) as well as all 
examinations conducted to date. Additional examinations are 
ongoing and you will be advised of the results of those 
examinations in a subsequent report. 


The following examinations are currently being 
conducted: 


Q25 through Q81 and Q109 - Special Photographic Unit 
0110 through Q131, NE4, NE7 - Chemistry Unit 


BACKGROUND INFORMATION: 


Your office advised that on 7/17/96 at approximately 
20:31 EST a Boeing 747 aircraft designated TWA Flight 800 
exploded over the Atlantic Ocean approximately 10 miles south 
of the Long Island, New York coast. In an effort to determine 
the cause of the explosion numerous pieces of wreckage have 
been sent to the Laboratory for examination. 


METALLURGY EXAMINATIONS: 


60723031 S AD AR RU 


Metallurgical examinations of specimens Q6 and Q8 
revealed no characteristic indicative of blast damage. The 
observed surface damage was concluded to be attributable to 
corrosion mechanisms, with the exception of certain 
= -manufacturing/service anomalies. a 
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60730006 S AD RU 
; Metallurgical- examinations of specimens Q18 and Q19 
revealed iO Characteristic inticative of blast damage. ~The as 
surface daifage exhibited is concluded to be the result of — as 
corrosion. Bee 

Specimen Q17 was concluded to be a remnant of an 

aluminum can bottom degraded by long term corrosion, and 
irrelevant to the TWA 800 investigation. 


60730007 S_ AD RU 


Metallurgical examinations of specimens Q20 through 
Q24 revealed no characteristic indicative of blast damage. The 
observed surface damage was concluded to be attributable to 
corrosion mechanisms. 


60909001 S AD AR RU 


Joint evaluation by FBI and National Transportation 
Safety Board (NTSB) metallurgists of the Q90 portion of 
fuselage and Q91 fuselage fragment revealed no exogenous 
deposit of apparent probative value or characteristic of 
proximity to a high order explosive. 


The 092 fractured duct flange and the Q93 section of 
fuel probe were released to the custody of aoe K7é 
NTSB, on September 11. 1996, and will be the subject of a ~~ 

separate report by NTSB. 


61118011 S AD HI 
Metallurgical examinations of the Q110 section 
revealed no characteristic indicative of high explosive damage. 
GLASS EXAMINATION: 
60806002 S AD 4G 
Although the origin of the Q83 glass fragment cannot 
be precisely realized, optically, physically and 


compositionally this glass is generally characteristic of that 
use in “light bulbs” and fluorescent tubes. 
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PAINT EXAMINATION: 


Specimens Q98 through Q107, Kl and K2, were examined 
microscopically. The paint” a na Kl and K2 exhibited the 
, following layer structures: — _ . 


1. Clear 7 
2. Orange. 

3. Dark Orange 

5. Black primer 


Present in the debris removed from 998 and Q99 were numerous 
particles of single layered paint-like samples and several 
multi-layered chips. Based upon the comparison examinations 
conducted, the paint samples from Q98 and Q99 could not be 
associated with Q101, Q103, or Q107, however, the samples from 
Q98 and Q99 could not be eliminated as having originated from 
the sources represented by Kl or K2. The red smears on Q100 
and Q102 were microscopically consistent with Q106. The blue 
samples Q104 and Q105 were compared and dissociated by 
microchemical tests. No source could be determined for Q104. 


EXPLOSIVE COMPOSITION: 


60723031 

A physical and instrumental examination of residues 
removed from specimens Q1 through Q6, and Q8 did not detect any 
traces of nitroglycerine (NG), ethylene glycol dinitrate 
(EGDN) , pentaerythritol tetranitrate (PETN), 
cyclotrimethylenetrinitramine (RDX), 
cyclotetramethylenetetranitramine (HMX), dGinitrotoluene (DNT), 
trinitrotoluene (INT), or trinitrophenylmethylnitramine 
(TETRYL) . The specimens were not tested for the presence of any 
inorganic explosives due to this categories high water 
solubility. 


A physical and instrumental analysis of specimen Q7 
identified its major component to be sucrose with a minor 
component ibuprofen. The drug ibuprofen can be obtained over 
the counter in the United States in such products as Motrin and 
typically functions as an anti-inflammatory agent. 


The specimens were examined using all or some of 
the following techniques: optical microscopy, chemical spot 
tests, gas chromatography with chemiluminescence detection, 
fourier transform infrared spectroscopy, x-ray powder 
diffraction, and liquid chromatography with mass spectrometry 
detection. 
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A physical and instrumental examination of residues 
removed from specimens Q9 through Q12 did not detect any traces 
of nitroglycerine (NG), ethylene glycol dinitrate (EGDN) , 
pentaerythritol tetranitrate (PETN) , 
cyclotrimethylenetrinitramine (RDX), 
cyclotetramethylenetetranitramine (HMX), dinitrotoluene (DNT), 
trinitrotoluene (TNT), or trinitrophenylmethylnitramine 
(TETRYL). The specimens were not tested for the presence of any 
inorganic explosives due to this categories high water 
solubility. . 


The specimens were examined using all or some of the 
following techniques: optical microscopy, chemical spot tests, 
gas chromatography with chemiluminescence detection, and liquid 
chromatography with mass spectrometry detection. 


60728031 


A physical and instrumental examination of residues 
removed from specimen Q15 (your item 17) identified the 
presence of cyclotrimethylenetrinitramine (RDX) and 
pentaerythritol tetranitrate (PETN) high explosive. The source 
of these materials is not known since live explosives were 
reportedly used on the aircraft for training purposes prior to 
this event. , 


A physical and instrumental examination of residues 
removed from specimens Q13, Q14 and Q16 did not detect any 
traces of nitroglycerine (NG), ethylene glycol dinitrate 
(EGDN), pentaerythritol tetranitrate (PETN), dinitrotoluene 
(DNT), cyclotrimethylenetrinitramine (RDX), trinitrotoluene 
(INT), cyclotetramethylenetetranitramine (HMX), or 
trinitrophenylmethylnitramine (TETRYL). The specimens were not 
tested for the presence of any inorganic explosives because of 
their high water solubility. 


The specimens were examined using all or some of 
the following techniques: optical microscopy, chemical spot 
tests, gas chromatography with chemiluminescence detection, ion 
mobility spectrometry, gas chromatography with mass 
spectrometry detection, and liquid chromatography with mass 
spectrometry detection. 
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A physical and instruméntal examination of residues 
removed from specimen Q82 did not detect any traces of 
nitroglycerine (NG), ethylene glycol dinitrate (EGDN), 
pentaerythritol tetranitrate (PETN), dinitrotoluene (DNT) , 
cyclotrimethylenetrinitramine (RDX), trinitrotoluene (TNT), 
cyclotetramethylenetetranitramine (HMX), or 
trinitrophenylmethylnitramine (TETRYL). The specimen was not 
tested for the presence of any inorganic explosives because of 
their high water solubility. 


The specimen was examined using the following 
techniques: optical microscopy, gas chromatography with 
chemiluminescence detection, ion mobility spectrometry, gas 
chromatography with mass spectrometry detection, and liquid 
chromatography with mass spectrometry detection. 


60817031 


A physical and instrumental examination of residues 
removed from specimen Q85 identified the presence of 
nitroglycerine high explosive. The source of this material is 
not known since live explosives were reportedly used on the 
aircraft for training purposes prior to this event. Further 
examinations of the residue did not detect any traces of © 
ethylene glycol dinitrate (EGDN), pentaerythritol tetranitrate 
(PETN), dinitrotoluene (DNT), cyclotrimethylenetrinitramine 
(RDX), trinitrotoluene (TNT), cyclotetramethylenetetranitramine 
(HMX), or trinitrophenylmethylnitramine (TETRYL). The specimen 
was not tested for the presence of any inorganic explosives 
because of their high water solubility. 


The specimen was examined using the following 
techniques: optical microscopy, gas chromatography with 
chemiluminescence detection, ion mobility spectrometry, gas 
chromatography with mass spectrometry detection, and liquid 
chromatography with mass spectrometry detection. 


60818061 


A physical and instrumental examination of residues 
removed from specimen Q86 did not detect any traces of 
nitroglycerine (NG), ethylene glycol dinitrate (EGDN), 
pentaerythritol tetranitrate (PETN), dinitrotoluene (DNT), 
cyclotrimethylenetrinitramine ({(RDX), trinitrotoluene (TNT), 
cyclotetramethylenetetranitramine (HMX), or 
trinitrophenylmethylnitramine (TETRYL). The specimen was not 
tested for the presence of any inorganic explosives because of 
their high water solubility. 
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: .--The specimen #as examined using the following 
techniques: optical micrdéscopy, gas chromatography with 
chemiluminescence detection, ion mobility spectrometry, gas 
chromatography with mass spectrometry detection, and liquid 
chromatography with mass spectrometry detection. 


60830005 


A physical and instrumental examination of residues 
removed from specimen Q87 (your item 34) identified the 
presence of cyclotrimethylenetrinitramine (RDX) high explosive. 
The source of this material is not known since live explosives 
were reportedly used on the aircraft for training purposes 
prior to this event. Further examinations of the residue did 
not detect any traces of nitroglycerine (NG), ethylene glycol 
dinitrate (EGDN), pentaerythritol tetranitrate (PETN), 
dinitrotoluene (DNT), trinitrotoluene (TNT), 
cyclotetramethylenetetranitramine (HMX), or 
trinitrophenylmethylnitramine (TETRYL). The specimen was not 
tested for the presence of any inorganic explosives because of 
their high water solubility. 


The specimen was examined using the following 
techniques: optical microscopy, gas chromatography with 
chemiluminescence detection, ion mobility spectrometry, gas 
chromatography with mass spectrometry detection, and liquid 
chromatography with mass spectrometry detection. 


60909001 


A physical and instrumental examination of residues 
removed from specimens Q88 through Q93 did not detect any 
traces of nitroglycerine (NG), ethylene glycol dinitrate 
(EGDN), pentaerythritol tetranitrate (PETN), dinitrotoluene 
(DNT), cyclotrimethylenetrinitramine (RDX), trinitrotoluene 
(TNT), cyclotetramethylenetetranitramine (HMX), or 
trinitrophenylmethylnitramine (TETRYL). The specimens were not 
tested for the presence of any inorganic explosives because of 
their high water solubility. 


The specimens were examined using the following 
techniques: optical microscopy, gas chromatography with 
chemiluminescence detection, ion mobility spectrometry, and 
Liquid chromatography with mass spectrometry detection. 
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A physical and. instrumental examination of residues 
“removed from specimen Q94 aid not detect.any traces of: 
“nitroglycerine (NG), ethylene glycol .dinitrate. (EGDN) , -~ 
pentaerythritol tetranitrate (PETN), dinitrotoluene (DNT), | 
cyclotrimethylenetrinitramine (RDX), trinitrotoluene (TNT), 
cyclotetramethylenetetranitramine (HMX), or 
trinitrophenylmethylnitramine (TETRYL) . The specimen was not 
tested for the presence of any inorganic explosives because of 
their high water solubility. 


The specimen was examined using the following 
techniques: optical microscopy, gas chromatography with 
chemiluminescence detection, ion mobility spectrometry, gas 
chromatography with mass spectrometry detection, and liquid 
chromatography with mass spectrometry detection. 


61007055 


A physical and instrumental examination of residues 
removed from specimens Q95 and Q96 did not detect any traces of 
nitroglycerine (NG), ethylene glycol dinitrate (EGDN), 
pentaerythritol tetranitrate (PETN), dinitrotoluene (DNT) 
cyclotrimethylenetrinitramine (RDX), or trinitrotoluene (TNT). 
The specimens were not tested for the presence of any inorganic 
explosives due to their high water solubility. 


The specimens were examined using following 
techniques: optical microscopy, chemical spot tests, and gas 
chromatography with chemiluminescence detection. 


Please call the Materials and Devices Unit, 


(202) 324Q@9MM if you have any questions concerning the b7<¢ 
results of examinations in this case. 
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FEDERAL BUREAU OF INVESTIGATION 
Precedence: IMMEDIATE Date: 03/14/1997 
ws «-T0%,..DIRECTOR; FBI - . 
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From: ADIC, NEW YORK Be: 
Approved By: Kailstrom James K BIC 
is ' prafted By: 


~ Case ID #: 265-NY- (Pending) 


Title: CRASH OF TWA FLIGHT 800 
JULY 17, 1996 


Synopsis: To provide FBIHQ with ATF report on this matter. 


Enclosures: Enclosed is an original and one copy of a “Statement 
of ATF Certified Fire Investigator’, I/N 63122 96 0060 Z, dated 
January 20, 1997. 


Details: The enclosed report was provided to ADIC Kallstrom by 
NY ATF SAC Ballas on 3/13/97. It contains opinions regarding the 
sequence in which the aircraft came apart as well as cause of the 
crash. By way of background, NY notes that, at the outset of the 
TWA investigation, ATF agreed that, since the FBI is the lead 
criminal investigative agency for TWA Flight 800, they would not 
produce any independent reports regarding the investigation. 


The publication of this unsolicited, premature report 
violates the agreement made by ATF regarding their participation 
in the TWA investigation. ADIC, NY believes ATF's preparation of 
a report providing an opinion regarding the cause of this tragedy 
while knowing full well, among other things, that the 
investigation is continuing; that parts of the aircraft are still 
being recovered; that substantial parts of the side walls of the 
center fuel tank have not been recovered or identified and 
potentially significant pieces, i.e., the scavenger pump, have 
not been recovered; that the reconstruction of the aircraft is 
ongoing; and that other testing, i.e., metallurgical 
examinations, China Lake missile testing, is planned or ongoing 
is unprofessional and reprehensible. ATF has produced a report 
which, it is fair to say, attributes the crash to a mechanical 
failure before the NTSB has completed its own inquiry or issued a 
report. If the cause of the crash is determined to be mechanical, 
ATF may find itself in conflict with the analysis of NTSB, the 
agency charged by law with responsibility for aircraft accident 
investigations. In addition, if in the end the evidence 
indicates that the crash resulted from a criminal act, the ATF 
report, prepared without benefit of a complete investigation or 
access to all the information available, will no doubt be 
discoverable as Brady material. 
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To: DIRECTOR, FB MC prom: ADIC, NEW YORK 4 
Re: 265-NY-, 03/@/1997 © 


ADIC, New York is very concerned about the preparation 
of this report-and the basis for the opinions expressed therein. 
*ADIC request that the FBI Laboratory immediately review. this 
réport and obtain from ATF all information, “including | copies of 
any interviews conducted by ATF, which were relied upon to 
produce the opinions expressed therein. ADIC, New York also 
strongly recommends that the Director express to the highest 
levels of the ATF, the FBI’s displeasure over this extraordinary 
breach of investigative protocol. 


New York will provide copies to NTSB and the USA, EDNY, 
directly. 


+4 


In Reply, Please Refer to 


\ 
Raasrss 


tJ 
U.S. Department of Justice 


Federal Bureau of Investigation 


- @ 


= ° “26 Federal Plaza. 
New York, New York 10278 
March 17, 1997 


File No. 


Mr. James E. Hall 
Chairman 

National Transportation Safety Board 
490 L’'Enfant Plaza East, S.W. “ 
Washington, D.C.20594 oa 


Dear Mr. Chairman, 


find one copy of a * L 

r”", I/N 63122 96 0060 Z, datéd : 
¥s report was provided to me onMarch 13, 
ial Agent in Charge in New Yo 


Enclosed pleasé 


rti 
January 20, 1997. T 
1997 by the ATF Sp 


The publication of this unsolicited and premature 
report by the ATF violates the agreement made by them regarding 
their participation in this investigation. I believe it is 
unfortunate that ATF, for reasons that are unknown to me, chose 
to prepare a report expressing an opinion regarding the cause of 
this tragedy before the investigation has been completed. It is 
an extraordinary violation of investigative protocol. ~~: 


I have provided the original and a copy to FBIHQ and 
requested that the FBI Laboratory review the information in the 
report and contact ATF to obtain all information they relied upon 
to produce this document. I have also asked Director Freeh to 
express the FBI’s displeasure regarding this incident to the 
highest levels of the ATF. 


Sincerely, 


James K. Kallstrom 
Assistant Director in Charge 
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‘From: New York — 


Care 


— 
FEDERAL BUREAU OF INVESTIGATION 


Precedence: ROUTINE Date: 04/18/1997 


-To:New York" | . ,. Att: s: i — pac. 


2 


FBI Command Post, Calverton, New_York 


Contact: SA QNDE (516) 369-3313 


Approved By: 
Drafted By: bsm 
Case ID #: 265A-NY-259028 (Pending) 


Title: UNSUB(S); 
EXPLOSION OF TWA 800; 
7/17/96 
AOT-IT-EOD; 
OO: NEW YORK 


Synopsis: Transfer of custody of evidence items 90 (1B-421) and 
91 (1B-422) to NTSB for testing. 


Details: Two FBI evidence items were released from the FBI 

Comhand Post, Calverton, New York to Qi ED — BIC 
on 4/18/1997 for metallurgical analysis at NTSB 

Materials Laboratory, 490 L'Enfant Plaza East, Southwest-Room 

5140, Washington DC, office telephone The items 

were: 


Item 90 (1B-421): One piece of 4" x 4" metal cut from 
pressure deck piece LF-137, FBI number 8/26/96-36, located at 
fuselage station 1444 and left buttock line 110. The piece was TC 
cut to enable testing on a 1/8" diameter penetration. 


Item 91 (1B-422): One piece of 4" x 6" metal cut from 
a fuselage piece identified by FBI number 9/24/96-16, located 
near fuselage station 1700, stringer 36 right. The piece was cut 


to enable testing on a 1/8" diameter penetration. 
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FBIFileNo. 265A-NY-259028 


Lab No. 70325037 S/I AD HD 


Reference: Your communication dated March 14, 1997 


Your No. 265A-NY-259028 


Re: UNSUB (S) 
EXPLOSION OF TWA FLIGHT 800; 
JULY 17, 1996 
AOT-IT-EID 


Specimens received: March 25, 1997 
Specimens: 
Q132 Five (5) photo negative strips from 


The results of the 
included in this report. 


Specimen Q132 is returned hey 
produced during this examination are ing returned under 
separate cover. 
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FEDERAL BUREAU OF INVESTIGATION 
WASHINGTON, D.C. 20535 


Examiner —————— als Date: ,April 10, 1997 b7c 
Unit: Special Photographic Phone No; QI 


FBI File No.: 265A-NY-259028 Lab No.: 70325037 S/I AD HD 


et fot. ew’; . Report-of_ Examination. . roa 


Results of Examinations: 


The (Q132) film negatives were examined to locate 
unusual patterns in those portions of the negatives depicting 
the sky. The presence of scratches, dust, and other debris was 
noted on the negatives. A horizontal streak observed on one 
frame, #4A, was examined microscopically and found to be debris 
on the film surface. Conventional cleaning of the film removed 
this debris. 
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. Hee ae dete ei Date: April 10, 1997 
To: ADIC, NEW YORK opt eS Pee ey) 
FBIFileNo. 265A-NY-259028 
Lab No. 70325037 S/I AD HD 
Reference: Your communication dated March 14, 1997 
Your No. 265A-NY-259028 


Re: UNSUB(S) 
EXPLOSION OF TWA FLIGHT 800; 
JULY 17, 1996 


AOT-IT-EID 
Specimens received: March 25, 1997 
Specimens: 


Q132 Five (5) photo negative strips fron Qe BIC 


The results of the photographic examinations are 
included in this report. 


Specimen Q132 is returned herewith. Photographs 


produced during this examination are being returned under 
separate cover. 
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FEDERAL BUREAU OF INVESTIGATION 


Precedence: ROUTINE : Date: 05/09/1997 
Fo: Laboratory. ; te ta Attn: SSh QD the" 
Pa eee Beds. We - Room 3971 9 +” bI7C 


From: New York. 
FBI Command Post, Calverton, New York 
Contact: SA (516) 369-3313 


Approved By: 


. 


Drafted By: QD» 
Case ID #: 265A-NY-259028 (Pending) 


Title: UNSUB(S); 
EXPLOSION OF TWA 800; ° 
7/17/96 
AOT-IT-EOD 
OO: NEW YORK 


Synopsis: Submits eighteen evidence items, 1B435-1B452, to the 
FBI Lab for chemical residue tests. 


Package Copy: Being forwarded under separate cover are eighteen 
New York Office evidence items 1B435 through 1B452. 


Details: As the Laboratory Division is aware, numerous swabs of 
the wreckage of TWA Flight 800 were tested by the FBI for the 
presence of high explosive residue. The vast majority of these 
swabs were taken from the interior cabin area. To date, three 
confirmations of explosive chemicals were identified. From the 
standpoint of thoroughness, however, the tested sites did not 
represent all regions of the aircraft. Since the cause of the 
crash is currently unidentified, it is possible that undiscovered 
chemical evidence is present at an untested region, particularly 
around burned areas. 


As desirable as testing the entirety of the wreckage is 
to investigators, it is unrealistic. The next best approach, 


then, is to test selected sites in each of the regions. => 
Therefore, eighteen items were ‘excised from sites that were =v 
nearby or subjected to apparent burning and that account for 


ane 


cc: SAC John O’Neill 
ASAC Charles 


UPLOADED 


To: Laboratory 
Re: 265A-NY-2590 


3 =, 
om: New York 
& 


05/09/1997 


~ 


all regions of the aircraft... These items are being submitted 
to the FBI. Laboratory for chemical analysis to ensure that 
' residue-testing was conducted representing, most of the main 
structural-areas of the airplane, e.g... both wings and fairing | 
Material from the belly. The items are: 


1) 1B-435; Piece of composite material measuring approximately 
3.5" x 2.25" having a charred appearance; 


2) 1B-436; Piece of composite material measuring approximately 
1" x 1.25", honeycomb construction; 


3) 1B-437; Piece of composite material measuring approximately 
2" x 4" having a charred appearance; 


4) 1B-438; Piece of composite material measuring approximately 
1.5" x 2.5" with honeycomb construction and having a charred 
appearance; 


5) 1B-439; Piece of fabric-like material measuring approximately 
2" x 3" and having a charred appearance; 


6) 1B-440; Piece of fabric-like material measuring approximately 
2" x 4" and having a charred appearance; 


7) 1B-441; Piece of composite honeycomb material measuring 
approximately 1.5" x 2" and having a charred appearance; 


8) 1B-442; Four pieces of a woven material that were adjacent 
layers and have a charred appearance; 


9) 1B-443; Piece of composite material measuring approximately 
4" x 5", includes honeycomb structure and has a charred 
appearance; 


10) 18-444; Piece of woven, layered material measuring 
approximately 1.5" x 1.25" with a charred appearance; 


11) 1B-445; Piece of woven material measuring approximately 2.5" 
x 5.25" with a charred appearance; 


12) 18-446; Piece of composite material measuring approximately 
.75" x 2.25" with a honeycomb structure and a charred appearance; 


13) 1B-447; Piece of woven material measuring approximately 
1.75" x 2" with a charred appearance; 


14) 1B-448; Piece of “feathered” metal measuring approximately 
22175" Tong; -- = 7 ‘ 


To: Laboratory ‘6m: New York ms 
Re: 265A-NY-2590@, 05/09/1997 & 


15) 18-449; Piece consisting of a white elastic substance 
adhering to mherat foil that medsures “approximately dt oe 7a 


sey a “1B> ~450,;_Piecé of sheet métal ;. Apparently sooted, measuring 


approximately 2.5" x 1. 5; 


17) 1B-451; Piece of woven material meaeee ay approximately 1.5" 
x 2" with a charred appearance; 


18) 1B-452; Two chemical swabs taken from the interior of a 
titanium alloy engine bleed air duct. 


LEAD (s): 
Set Lead 1: 
LABORATORY 


FBI Laboratory Chemistry Unit is requested to conduct 
necessary examinations for the presence of explosive residue and 
volatile accelerant. Please provide a laboratory report of 
findings to the New York case squad, I-46, and: 


FBI Command Post 


Attn: SSRA Qi &7<¢ 


Naval Weapons Industrial Reserve Plant 
4026 Grumman Blvd. 
Calverton, NY 11933 
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Drafted By: QE sn 

Case ID #: 265A-NY-259028 (Pending) 


Title: UNSUB(S); 
EXPLOSION OF TWA 800; 
7/17/96 
AOT-IT-EOD 
OO: NEW YORK 


Synopsis: Submits four evidence items, 1B465-1B468, to the FBI 
Lab for chemical residue tests. 


Package Copy: Being forwarded under separate cover are four New 
York office evidence items 1B465 through 1B468. 


Details: The cause of the TWA Flight 800 crash is still unknown. 7 
All possibilities with regard to criminal involvement are being fC 
pursued by investigators. Part and parcel.g@ this approach is 

chemical testing of all regions around the. aircraft for explos#ve 

or accelerant residue. Sufficient representational testing will 

allay questions concerning the presence or lack of such residue. 


The four evidence items referenced herein are from 
diplomatic pouches that were carried in the aft cargo bay. The 
items are: 


1) 1B-465 (Item 118); Piece of woven fabric measuring 
approximately 1" x 1" with a charred appearance; 


2) 1B-466 (Item 119); Piece of eer dhosed having a charred 
appearance; 
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3) 1B-467 (Item 120); Piece of woven fabric measuring. 
approximately 1.75" x 1.5" with a charred appearance; ~ 


“Yay xB-46g° (Item 121); Two “pieces of woven fabric that were 
adjacent layers measuring approximately 1" x 1" with a charred 
appearance. 


LEAD (s): 
Set Lead 1: 
LABORATORY 


FBI Laboratory Chemistry Unit is requested to conduct 
necessary examinations for the presence of explosive residue and 
volatile accelerant. Please provide a laboratory report of 
findings to the New York case squad, I-46, and: 


FBI Command Post 
Attn: SSRA Qi b7c 
Naval Weapons Industrial Reserve Plant 
4026 Grumman Blvd. 
Calverton, NY 11933 
o¢ 
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“To: 


Reference: 


Your No. 


FEDERAL BUREAU OF INVESTIGATION 


WASHINGTON, D.C. 20535 


ADIC; New York: ~** ve 


” Date: May 13, 1997 ie 


FBI FileNo. 265A-NY~-259028 


Lab No. 70207064 S AD HK HM 
70224039 S AD HK HM 


Communication dated February 6 and 19, 


265A-NY-259028 


Re!) UNSUBS; 
EXPLOSION OF TWA FLIGHT 800; 
AOT-IT-EOD 


Specimens received: 


February 7 and 24, 1997 


Specimens received February 7, 1997 under cover of 
dated February 6, 1997 (70207064 S AD HK HM): 


Q128 


Q129 


Q130 


Q131 


NE8 


Page 1 


One (1) piece of splatter material (your 
CW-504 1BL-104) 


One (1) piece of splatter material (your 
CW-504 1BL-106.72) 


One (1) piece of splatter material (your 
CW-504 LBL-106) 


One (1) piece of splatter material (your 
CW-114) 


One (1) blade 
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item #MM3 


item #MM4 


item #MM5 
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Specimens received February. 24, 1997 under cover of communication 
dated Rebruary 19, 1997 (70224039 S AD HK. HM): 


' K3 wee ‘One "(1) sample of fibergiass iike material taken from 


floor board (your item #57-1) 


K4 One (1) sample of foam like material taken from floor 


board (your item #57-2) 


K5 One (1) sample of fiberglass like material taken from 
air duct (your item #59-1) 


K6 One (1) sample of foam like material taken from air 
duct (your item #59-2) 


K7 One (1) sample of fiberglass like material taken from 
air duct (your item #61-1) 


K8 One (1) sample of foam like material taken from air 
duct (your item #61-2) 


GENERAL INFORMATION: 


This report provides the results of examinations 
conducted in the Trace Evidence Unit and the Chemistry Unit. For 
a complete listing of specimens and the results of previous 
examinations conducted please refer to previous report dated 
3/26/97 (Laboratory ##60723031 S AD AR RU, 60730006 S AD RU, 
60730007 S AD RU, 60806002 S AD ZG, 60909001 S AD AR RU, 

61118011 S AD HJ, 61127057 S AD HK, 60727032 S AD AR, 60728031 S 
AD AR, 60804032 S AD AR, 60817031 S AD AR, 60818061 S AD AR, 
60830005 S AD AR, 60912038 S AD AR, 61007055 S AD AR). 


70207064 S AD 


«4 by ‘ 
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x LABORATORY aX 


FEDERAL BUREAU OF INVESTIGATION 
WASHINGTON, D. C. 20535 


é fae a ‘Report of Examination a 


ope! c 
canine‘: TO Dae: 03/31/97 b7 


Unit: Chemistry e Phone No.: Re aa Aalto 


FBI File No.: 265A-NY-259028 Lab No.: 70207064 S AD HK 
70224039 S AD HK 
Results of Examinations: 


Specimens Q128 through Q131 (FBI Laboratory #70207064) and 
specimens K3 through K8 (FBI Laboratory #70224039) were 
examined microscopically. Specimens Q128 through Q131 and 
specimens K6é and K8 were further examined instrumentally with 
Pyrolysis-Gas Chromatography/Mass Spectrometry and Fourier 
Transform Infrared Spectroscopy. Based upon the comparison 
examinations conducted, specimens Q128 through Q131 are 
consistent with having originated from the sources represented 
by K6 and K8, or a similar source. 


rarmaiy CONTAINED 


a aSy 


CU - Page 1 of 1 


This Report Is Furnished For Official Use Only 


40 ei 32 
sta (7-16-96) 


“ 


Th. Be 3 


FEDERAL BUREAU OF INVESTIGATION 
WASHINGTON, D. C. 20535 


ZS LABORATORY aS @ 


; Report. of Examination: 
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Examiner Name: —P cB Date: 3/14/97 bIc 
Unit: Trace Evidence Unit Phone No: QE 


FBI File No.: 265A-NY-259028 Lab No.: 70207064 S AD HK HM 
70224039 S AD HK HM 


Results of Examinations: 


Specimens K3, K5, K6 and K7 (70224039) ostensibly represent 
construction products that utilize fiber glass fabrics. These 
fabrics generally consist of woven and non-woven bundles of 
continuous-filament glass fibers. Specimens Q128 through Q131 
(70207064) also contain continuous-filament glass fibers, but 
they cannot be specifically associated with specimens K3, K5, K6, 
and K7. The small size, limited amounts, and the altered and 
adulterated nature of specimens Q128 through Q131 preclude any 
further comparison. 
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From: New York 


FEDEK... BUREAU OF AVES. .GATION 


T te 
. Precedence: ROUTINE SE Date: 08/07/1997 


“to: New York tt Sl —b7C 


FBI Command Post, Calverton, New York 
Contact: 516-369-3313 


Approved By: | f’) 
Drafted By: QD: s2> 


Case ID #: 265A-NY-259028 (Pending) 


Title: UNSUB(S); 
EXPLOSION OF TWA FLIGHT 800; 
JULY 17, 1996; 
AOT-IT-EOD 


Synopsis: Custody transfer of a part of evidence item 92 (1B-423) 
to the Defense Intelligence Agency (DIA) for testing. 


Details: One FBI evidence item was released from the FBI Command 


- Post, Calverton, New York aT ae, b7¢ 
Redstone Arsenal, Huntsville, Alabama 35898, 


on 8/07/1997 for analysis. The item--a sliver of metal 
polished and mounted in a clear resin cylinder--is one of two 
pieces comprising item 92 (1B-423). 
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x3." """ " One sample of fiberglass like material taken fron 
floor board (your item #57-1) 
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One Sample of foam like material taken from flcor 
board (your item #57-2) 
Se One sample of fiberglass like material taker. from air 
duct (your item #59-1) 
RE One sample of foam like material taken from air cluct 
(your item #59-2) 
for One sample of fiberglass like material taken from air 
duct ‘your item #61-1) 
KE One sample cf foam like material taken from aixv duct 
iyour jnem #Ai-2)} 
Résuits of Kxamination 
GENERAL INFORMATION 
This report provides the results of examinations 
conducted in the Chemistry Unit on specimens Q119 - Gite), a2 = 
Otai. Ka <= Ks 
For a complete listing cf specimens and the resuics of 
previcus examinations please refer to previous report dated 
3/26/97 (Lab. #60723031 S AD AR, 60730006 § AD RU, 60730067 S AD 


RU, 60806002 S AD ZG, 60909001 s AD AR RU, 61118011 S AD Hu, 
61127957 S AD HK, 60727032 S AD AR, 60728031.S AD AR, 60804032 s 
AD AR, 60817931 S AD AR,60818061 S AD AR, 60830005 § AD AR, 
69912038 S AD AR, 61007055 § BD AR). 


Examinations. are cont inuing on Q25 - ©8121 and Q193 in 
che Special Photography Unit. You will he advised of the results 
SE ; Poy 
of these examinations in a separate report. 


61114052 S-AD See. 


CHEMICAL ANALYSES 


Specimens 110. - Q116 were examined microscopically. 


céd materiat-and- ee eg ee Gli¢rtand réed — . 
material from specimen _O111 were further examined instrumentally, 
in¢éluding Feurier Gene Eon tnfrared Peer ae Pyrolysis-Gas 
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ro oorog.l, -ommoniy use? 35 a contact adhe: + Eased upon the 
Cao. ‘iam examinations conducted, with .:. <d differences, 

Cae 2110 Q116 are consistent with . common origin. 


18 ©2128 - 0131 (PBI Laboratcry #7020607062) and 
{FBI Laboratory #70224029! we 

Specimens 9128 - @131 and sp 
ned instrumenta lly with Biroe 
=< Spectrometry and Fourier aoe 
ed upon the comparison examin 
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The submitted specimens referenced in tne above 
eralvses will be returned to your office under separate cover via 
registered mail or equivalent. 


To: SSA aD From: 
‘Contracting Officer Technical Representative 
-Room 3346 .JEH FBI Building * $8 “a 
935 Pennsylvania Avenue, NW o 
Washington, D.C. 20535 


b7Cc 


13 July 1997 


RE: STATUS REPORT - REVIEW OF PRIORITY 2 AND 3 PENETRATIONS 


As part of the TWA800 metallurgical review, I evaluated a series of "priority 2" and "priority 3" 

penetrations in the fuselage and at other locations in the reconstruction with the assistance and 

cooperation of NRO f the New York office of the FBI. This was intended to provide a bIC 
backup to rankings conducted previously by NTSB personnel as well as to complement the documen- 

tation of a series of "priority 1" penetrations already compiled by NTSB and the FBI. For your conven- 

ience, the previously developed criteria for identifying a penetrations priority, taken verbatim from the 

NTSB communication dated 3/7/97 (provided to me by QD are: 


Priority Criteria 


1 Penetrations that appeared to be coming from the outside of structure inward with missing 
material at the point of penetration. Penetrations where a clear direction could not be determined 
but exhibited a lack of material at the penetration, similar to a “bullet hole”. 


2 Penetrations that appeared to be coming from the outside of the structure inward without any 
missing material at the point of penetration, i.e.,a "flap" or tear of material inward. Penetrations 
that appear to be coming from the inside of the structure outward with missing material at the 
point of penetration. 


3 All other penetrations not described in the above priorities but noted in the documentation. 


My work was initiated during my second on-site period, June 9-13, and was effectively completed during 
my 3rd on-site period, June 25-27. A complete documentation of my observations is assembled as a 
spreadsheet in Appendix I. Penetrations already judged a "priority 1" from the prior NTSB work are 
included in the spreadsheet but I did not re-evaluate those. 


Of primary interest may be the fact that additional priority 1 sites were identified. For example, in the 
fuselage piece at LF-69, two holes, at stations 1265 and 1340, were re-classified to 1 on the basis of a 
judgement of missing material. Another hole was found at station 1285 to meet the criteria for a "1". 


The holes in piece RF-95 were also added; the one at station 920 was included because of an unusual 
_” extent of what might be possible melting on the fracture surface. This is shown in Figure*1(B), as: - bie 
photographed by QE The extent of the anomalous region seemed much greater than woul 


be accounted for by a shear plane sectioning through the expected Alclad layer of this material. A more 
in-depth metallographic analysis would be useful to corroborate whether melting has occurred. The hole 


ALL INFORMATION CONTAINED 


INF ies 


Rea” Var, apiece? 


e. BA a Pd 
a: i 


at station 930, on the other hand, was added on the basis of a judgement of missing material here, 
. coupled with the apparent out-to-in direction of penetration. 


* The remiaining additions to the priority I tistwere the 2 clean holes initially observed by Bn [7c - 
CW-1106, which our examination corroborated as meeting the priority 1 criteria. 
My examination of the remaining priority 2 and 3 holes did not lead to any significant changes. In several 
cases, ratings were altered from the previous listing, typically from 3 to 2, because I may have judged 
differently whether material was missing or we noted an inconsistency between the numerical rating and 
the previous observer's remarks, especially with respect to missing material. 


Respectfully submitted, — 
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FIGURE 1: PHOTO OF REGION AT STATION 920 WITH RE-CLASSIFIED PRIORITY 1 PENETRATION 
A) Overall view near penetration(numbered divisions are 10 mm apart) 


: B) View of cross-section with shiny material on inboard edge (ruler divisions in mm) ix 
<I ra 
‘ ' 
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Spreadsheet for Evaluation of Penetration Sites in TWA800 Reconstruction 
Concentrate on sites initially rated priority 2 and 3 by NTSB Rees, 


| 3 All other penetrations not described in the above priorities but noted in the documentation. 


inside to outside penetra’ 


* denotes previously assigned priority 1 by NTSB 
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lower velocty hole 
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no material missing, slant fracture 
buckled and ripped, material missing, 


material missing 
no material missing, NTSB photo 


material missing;buckling related 


material missing,slant fracture 
material missing, tear at hole 


material missing 
n/a 


REMARKS 

3 long slots, NTSB photo; 
material missing, 

material missing 

material missing 
manufactured hole 
missing material, corrosion 


clean hole 
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‘Precedence: ROUTINEDate: 08/20/1997 


: to: New eee -"* “Keen: ssa Ce eRe Be ne 2 bI7Ce 


From: New York 
FBI Command Post, Calverton, New York 


Contact: SA QED (516)-369-3313 
Approved By: Qa 
Drafted By: QD psn 


Case ID #3: 265A-NY-259028 (Pending) 


Title: UNSUB(S); 
EXPLOSION OF TWA 800; 
7/17/96 
AOT-IT-EOD; 
00: NEW YORK 


Synopsis: Transfer of custody of evidence item 130 
(1B-529). 


Details: FBI evidence item 130 (1B-529) was released from 
the FBI Command Post, Calverton, New York, to 
Materials Science Building 480, 
Brookhaven National Laboratory, New York, office telephone 
(516) 369~3313', on 8/20/1997 for analysis. Item 130 isa 
piece of alloy measuring 1 cm x .5 cm x .5 cm, cut froma 
compressor blade section marked with FBI evidence number 


12-9-96-46. An FD-597 was accomplished and submitted to 
the evidence file. 


mye 


will polish the piece and subject it to IC 
x-ray elemental analysis. The composition of this piece 
will be compared to the composition of FBI item 92 
(1B-423), a metal piece of unknown origin, to aid in the 
identification of item 92. 
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--Precedence: ROUTINEDate: ‘08/22/1997 


To: New York = 
From: New York 


FBI Command Post, Calverton, New York 436 
Contact: Qi 5 16~-369-332-3> lp 


Approved By: Qa 
Drafted by: QD sab 


Case ID #: 265A-NY-259028 (Pending) 


Title: UNSUB(S); 
EXPLOSION OF TWA FLIGHT 800; 
JULY 17, 1996; 
AOT-IT-EOD 


Synopsis: Transfer of custody of evidence item numbers 
137-140 to the Defense Intelligence Agency (DIA) for 
testing. 


‘Details: Four FBI evidence items were released from the 
FBI Command Post, Calverton, New York to 
Army Missile Command by means of Federal 
3 Express (tracking number 1482817910) to U.S. 

Army Aviation And Missile Command, Attn: 
Redstone Arsenal, Huntsville, Alabama 
on 8/22/1997 for analysis 


35898-5247, 
specifically s) bi 
Slides will have to be made in order for the analysis to 
be done and will involve some modification to the items 

aforementioned. The items sent were as follows: 


Item #137 (1B=43), - Labeled “96-5149, FOREIGN 
MATTER, Exhibit #7, Date (autopsy/seizure) 7/25/96" 
described ag two approximately four (4) grain size 
fragments of unknown metallic material. 


Item #138 (1B=39) - Labeled “96-5155, FOREIGN 
MATTER, 7/26/96" described as two objects - one object a 
small “ball bearing” looking silver metallic ball 
approximately 5/32 of an inch in diameter and the other 
object and the second object a similar (5/32 inch in 


Giameter) “ball bearing” looking silver, metallic ball 
attached to a small gold colored post ipproximately 1/8 ; 
of an inch in length) at the end of whih were screw ~~“ --° j 
1 ead a eae S28, 
é 


threads (approximately 1/16 of an inch 
Item #139 (1B-532) - Labeled “17/30/97 "1545;°S/A 
PROVINE, PIECE FOUND IN FAIRING 1/30/97 ee are aE 
triY “Oo 


oly BEIT SROSCINE deri atrne 


ecsPY ON —— Pee an ee 


SSIFED EXC 


TIN AEN ee 


ae 
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Saeco 


described. as a non-symmetric “V’-shaped piece of thin 
sunknown neeeetet PERF oxsneates ye ehree (3) inches by 1.5 
inches. ae a 
Item #140 (1B-532) - Labeled “Misc. Debris 
8-24~-96-7" described as an approximate two (2) to &) 
grain sized metallic magnetic fragment. 


The items will b 
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FEDERAL BUREAU OF INVESTIGATION 
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DELETED PAGE INFORMATION SHEET 
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~ explain’ this deletion. . 
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telease to you. . 
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:Rrecedence: ROUTINE 


FEDERAL BUREAU OF INVESTIGATION 


Dates. 09/12/97..** 


To: New York _ Attn: I-46 


From: New York : 
FBI Command Post, Calverton, New York 


Contact: Sh QMIMMMMMMIM (525) 369-2222 Bie 


Approved By: QD 
Drafted By: QP: vp, 


Case ID #: 265A-NY-259028 (Pending) 


Title: UNSUB(S) 
EXPLOSION OF TWA 800; 
7/17/96 
AOT-IT-EOD; 
OO: NEW YORK 


Synopsis: Transfer of custody of evidence items, 1B555 and 1B556 
to NTSB and BOEING for testing. 


Details: Two FBI evidence items were released from the FBI 
Command Post, Calverton, New York tc twa, on iy hs 


September 12, 1997 for testing at NTSB Laboratory, 490 L’Enfant 


Plaza Southwest, Washington, DC, office telephone number (202) 
314-6535 and BOEING Laboratory, Box 3707, Seattle, Washington, 
office telephone number (206) 662-2532. The items were: 


Item 146: 1B555, One section of RF50, cut out of main 
section of the wheel well. 


Item 147: 1B556, One section of the landing tire. 
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‘Precedence: ROUTINEDate: “10/07/1997 
To: New York . Attn: Ss ees ¥ 
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I46 ROTOR 


From: NEW YORK 
FBI COMANDPOST, CALVERTON, NEW YORK 
Contacts (516) 369-3313 


Approved By: Qin 
Drafted by: Qe? 


Case ID #: 265A-NY-259028 (Pending) 
Title: UNSUB(S); 
EXPLOSION OF TWA FLIGHT 800; 
JULY 17, 1996; 
AOT-IT-EID 


Synopsis: Evidence sent to Brookhaven National Laboratory (BHL) ‘¢ 
for testing. Te 


Enclosures: FD-302 by SAG ED gated 10/03/1997; b7¢c 


FD-597 dated 10/03/1997. 


Details: On October 3, 1997 the following items were forwarded 
to BHL for testing to determine the material composition of each 
item for the purpose of comparison to previously tested 
materials: 


1) Item Number 167; 1B572- a grey metal piece 
approximately 3.0cm x 1.5 cm x .5 cm., taken from the casing of a 
fuel pump. 


2) Item Number 171; 1B573- a silver and grey 
metal piece, 1.5cm x .5cm x .4cm, taken fF rom what appears to be 
an engine support strut. 


3) Item Number 172; 1B523> a silver and green 
colored metal piece, approximately 1.0cm x .5cm x .4 cm taken 
from the casing of an engine. 


4) Item number 173; 1B573- a green and grey 
metal piece, 1.5cm x .75cm x .Scm, take rom an engine propell 
lade: which, came. from engine number fo toe wt ee Py 
5) Item number 174; 1B573— a green méetal. piece 


approximately .6cm x .5cm xX .3cm, taken ‘from an engine propeller 
blade, which possibly came from engine number three 
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6). Item number 175; 1B573- a silver colored 


_«. piece of metal approximately 1.0cm x .6 cm x .2cm, taken from an 


me 


‘engine propelrter ‘blade, ‘which pore Ehy came from engiter number 


three. 


7) Item number 176; 1B573- a silver colored 
piece of metal, approximately 2.5cm x .5cm x .2cm, taken from and 
engine blade, which possibly came from engine number one. 


8) Item number 177; 1B573- a grey and green 
metal piece approximately .6cm x .5 cm x.3cm, taken from an 
engine blade mount, which possibly came from engine number three. 


9) Item number 178; 1B573- a grey and green 
metal piece approximately 1.0cm x 1.0cm x .75cm taken from an 
engine blade, which possibly came from engine number four. 


10) Item number 179; 1B573- a silver and grey 
metal piece approximately .75cm x .4cm x .2cm taken from an 
engine blade mount, which possibly came from engine number four. 


11) Item number 180; 1B574- a green and grey 
metal piece approximately 1.2cm x 1.0 cm x .2cm taken from the 
casing of engine number four. 


12) Item number 181; 1B574- a green and grey 
metal piece taken from an outer engine ring from engine number 
three, approximately l.lcm x .S5cm x .2cm. 


13) Item number 182; 1B574- a green and grey 
metal piece, approximately .5cm x .75cm x .4cm, taken from a ring 
near the rear of engine number two. 


14) Item number 183; 1B574- a green an grey metal 
piece approximately 1.0cm x .5cm x .25cm, taken from an engine 
radial support. ; 


The above described items were all retrieved from the 
engine debris of TWA Flight 800. 
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On- 10/03/1997, at approximately 2:45 p.m., special 
Agént (Si) Federal Bureau of Investigation 
(FBI), New York Office, took custody of the following FBI 
evidence items from the FBI Command Post, Calverton New York: 


1) Item Number 167- a grey metal piece approximately 
3.0cm x 1.5 cm x .5 cm., taken from the casing of a fuel pump. 


. 2) Item Number 171- a silver and grey metal piece, 
1.5cem x .5cem x .4cem, taken from what appears to be an engine 
support strut. 


3) Item Number 172- a silver and green colored metal 
piece, approximately 1.0cm x .5cm x .4 cm taken from the casing 
of an engine. 


4) Item number 173- a green and grey metal piece, 
1.5cm x .75cm x .5cem, taken from an engine propeller blade, which 
came from engine number four. 


5) Item number 174- a.green metal. piece 
approximately .6cm x .5cm x .3cm, taken from an engine propeller 
blade, which possibly came from engine number three 


6) Item number 175- a silver colored piece of metal 
approximately 1.0cm x .6 cm x .2cm, taken from an engine 
propeller blade, which possibly came from engine number three. 


7) Item number 176-_ a silver colored piece of metal, 
approximately 2.5cm x .5cm x .2cm, taken from and engine blade, 
which possibly came from engine number one. 


8) Item number 177- a grey and green metal piece 
approximately .6cm x .5 cm x.3cm, taken from an engine blade 
mount, which possibly came from engine number three. 


9) Item number 178- a grey and green metal piece 
approximately 1.0cm x 1.0cm x .75cm taken from an engine blade, 
which possibly came from engine number four. 


10) Item number 179- a silver and grey metal piece 
approximately .75cm x .4cm x .2cm taken from an engine blade 
mount, which possibly came from engine number four. 


11) Item number 180- a green and grey metal piece 
approximately 1.2cm x 1.0 cm x .2cm taken from the casing of 
engine number four. fey Vtatte, Ges 

12) Item number, 181- a green arid grey ~qabak, piece 
taken from an outer engine ring from engine number three, 
approximately 1.lcm x .5cm x .2cm. 


B7c 


13) Item number 182- a green and grey metal piece, 
.. approximately .5cm x .75cm-x -.4cm, taken from a ring near the 
‘rear of engine number two: _  -- . : : 
14) Item number 183- a green an grey metal piece 


approximately 1.0cm x .5cm x .25cem, taken from an engine radial 
support. 


at the FBI Command Post, for 
transport to Brookhaven National Laboratory, Brookhaven, New 


York, for testing. QW———Bexecuted a FD-597, indicating her 
receipt of these items. 


SA then immediately presented these items to b7Cc 


FE Th 


. 


@. @. 
es) ws 
af 


(12/31/1993) Na cred 


a 


Precedence: ROUTINE 


FEDERAL BUREAU OF INVESTIGATION 


Date: 04/14/1999 


To: FBIHQ Attn: SSA‘ 
New York SAC O'Neill 
ASAC D’Amuro 
Cai! 
SSh QD 


From: New York 


I-46/TWA Task Force 


Contact: SAG — 
approved By: Qe | I oe 44 of 


Drafted By: Qn pac yl b ilk Vv 
Case ID #: 265A-NY-259028 (Pending) Nie \ > it 
Title: UNSUBS(S) ; 2 ho 4 
EXPLOSION OF TWA FLIGHT 800, 
JULY 17, 1996, 


Synopsis: Summary of TWA Flight 800 victim inj 
patterns from 


Enclosures: Attached report. 


Details: On July 17, 1996 at 8:31pm Eastern Standard Time, a 
Boeing 747-131 airplane operated by TWA, known as Flight 800, 
was enroute from John F. Kennedy International Airport New York, 
NY to Charles DeGaulle International Airport, Paris, France. 
Shortly after departure from JFK and while climbing near the 
southern coast of Long Island the aircraft exploded and broke-up 
in flight crashing into the Atlantic Ocean neat East Moriches, 
NY. 


The 18 crew members and 212 passengers aboard Flight 
800 were fatally injured and the airplane was destroyed. 


Attached is the autopsy analysis report as it relates 
to injuries of the victims that were aboard Flight 800 to the 
damage the airplane sustained. The main objective of this 
investigative team was to document and utilize medical and 
forensic data and biomechanical analysis to reconstruct injury 
events occurring during all phases of Flight 800’s downing. 
Individual and group analysis of injuries were used to aid in 


aetermining whether an explosive device detonated within the 


cabin or if the aircraft was subject’to any outside penetrating” 
projectiles. i 
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ALL PIECIMATION CONT! 


, cS 
To: FBIHQ From: “dew York 
Re: 265A-NY-259028, 04/14/1999 


Participating in this analysis were Doctors. from the pre 
forensic patholo field to include, 


_ PROJECT CONTRIBUTORS 


Armed Forces Institute 


Pathology; assisting these doctors were Police 
Officer, Suffolk County Police Department, Data Services Section, 
Human Performance, Investigator, National 


Transportation and aaa Board, and FBI Special Agents, Qyy 


BACKGROUND: VICTIM RECOVERY 


The remains of 230 of the 230 victims aboard the 
airplane were recovered and identified. The remains were 
recovered at sea and brought to a temporary morgue at the Coast 
Guard station at East Morches, New York. The first 99 bodies were 
found floating on the surface of the ocean. The remaining victims 
were recovered by US Navy divers and local police divers during 
the next three months. The remains of approximately ten 
individuals were recovered as a result of the trawling operation 
conducted for four months proceeding the dive operation. 


Victims were placed in body bags and transported by 
boat to the temporary morgue which was staffed by personnel from 
the Suffolk County Medical Examiner’s Office and Suffolk County 
Police Department. Victims were assigned a medical examiner 
‘accession number, photographed, and their clothing and 
possessions were cataloged. The remains were then placed ina 
refrigerated trailer and transported to the Suffolk County 
Medical Examiner's Office in Hauppage, NY. 


; At the ME’s Office, the remains were photographed. with 
and without clothing, radiographed, fingerprinted if possible, 
dentition was photographed and x-rayed and clothing and other 
personnel effects were catalogued. All victims were then 
autopsied by a forensic pathologist from either the ME or a 
pathologist temporarily assigned to the ME either by the State of- 
New York or a neighboring jurisdiction. . 


; In most cases, identification was accomplished through 
fingerprinting by the FBI or by forensic odontology. In rare 
cases, the ME utilized DNA or forensic anthropology as the 
primary means of identification. Additionally, more than one 
method of identification were employed. Body parts recovered ~ 
“‘geparately were identified by DNA. FBI bomb technician and- — 
evidence responses personnel were present in the examination 
rooms to inspect and retrieve all items. 
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‘To: FBIHQ From: <= 


& a 
New York - Sad 
Re: 265A-NY-259028, 04/14/1999 


_ The primary concern of the ME was to identify the 
victims: and was under constant pressure. to do so. Therefore, for. 
the sake of expediency, a complete and thorough forensic 
examination was not performed. For example, no record of the 
condition of tympanic membranes of the victims was made nor was 
the foreign material removed from the bodies recorded on the 
autopsy reports as found loosely in the body bag, in open wounds 
or whether the foreign body had penetrated the skin surface and 
lodged in the soft tissue. ; 


METHOD: COMPUTER DATA BASE 


A data base was established to document this important 
forensic information in a uniform matter. Microsoft Access, 
version 7.0 was used. Input included, demographic information, 
injury data, pertinent recovery data (longs and lats) and 
assigned seating of each victin. This information was later used 
to interpret data into a mapping software package for actual - 
visual display on the computer screen and ultimately producing 
color prints. 


Each injury was entered into one of three data fields; 
external injuries, internal injuries or fractures, using a 
carefully defined format. The format used a specific sequence, 
for example, left femur, fracture, transverse; right lung, 
laceration, extensive; etc. The review team made determinations 
as to which injuries were important for developing patterns of 
injuries as they relate to determining primary force vectors 
along with any other mechanisms of injury. 


Seat assignments were available for purposes of seat 
reconstruction. Therefore the seat assigned was used in this 
analysis. However, the airplane was only half full and since the 
plane waited over an hour on the runway prior to. take off, a few 
passengers must have changed seats, with the exception of first 
class seating. Prior to explosion, the Captain had not turned off 
the fasten seat belt sign and therefore it is assumed that 
passengers were sitting with their seat belts fastened. 
Additionally, the fourteen flight attendents were released to 
perform their required duties through out the cabin. 


Copies of the autopsy protocols, toxicology reports, 
body diagrams and photographs (taken by the SCPD and ME) are 
entered into FBI evidence. The radiographs are kept on file at 
the ME's Office, along with tissue samples taken from the flight 
crew. 
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U.S. Department of Justice 


Federal Bureau of Investigation - 


In Reply, Please Refer to 
FileNo. 72-NY-261351 


135 Pinelawn Road - Suite 3505S 
Melville, New York 11747 
October 1, 1999 


BIC 


National Transportation Safety Board 


490 L’Enfant Plaza East, S.W. 


Washington, D.C. 20594 


Dear Ca 


Enclosed via FedEx Airbill #8156-9358-8489 is a copy of the West 
Coast Analytical Service, Inc. lab report that you requested from 


SA Cae £ our Long Island Resident Agency. | L7c 


I hope that this report is of assistance to you. 


Sincerely, 


LEWIS D. SCHILIRO 
ASSISTANT DIRECTOR IN CHARGE 


By: 
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File Number(s): 265A-NY-259028 (Pending) 
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Title: UNSUB(S); EXPLOSION OF TWA FLIGHT 800 ON 7/17/96; 
AOT-IT;EID; OO:NY. 


Synopsis: SUB-FILE ADMINISTRATION 


Details: In addition to the main file, the following is a 
listing of sub files for captioned matter: 


SUB A. Outgoing communications. 
SUB B Incoming communications. 
SUB C. Administrative Matters. 
SUB D Lead Sheets - Copies of all lead sheets. 
Di. 800 Generated Leads 
D2. Internet Generated Leads 
D3. Miscellaneous Lead - No action to be taken. 
SUB E. Secret - To maintain classified information. 
SUB F. Press releases and news clippings. 
SUB G. Searches 
Gi. Moriches recovery - reclass to FF. 
G2. Articles received from JFK Airport. 
SUB H. Claims of responsibilities. 
SUB I. Logs - copies of Daily Activity Log. 
SUB J. HORS Secret - maintained in I-46 safe. F 
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NEW YORK From: NEW YORK 
"Re: 26S5A-NY-259028, 07/29/1996 a 


INS 


CE 


BB. 


cc. 


DD. 


EE. 


FF. 


"Investigative reports of outside Agencies/Police 


'FF2. Lab reports 


Departments. 

The original and one copy of FD302's. 
The original and one copy of inserts. 
Background checks. 


Draft requests and financial related 


' documents. 


Lab reports. 
Copies of subpoenas issued. 
Telephone subscriber and toll information. 


Flight Related investigative matters. 
AA1. Flight 800 passenger manifest. 
AA2. Interviews 

AA3. Flight 800 cargo manifest. 

AA4. Flight 881 passenger manifest. 
AAS. Flight 881 cargo manifest. 

AAG. Maintainance Flight 800. 


Previous bomb threats and related matters. 


Possible missile attack. 
CCl. Interviews - Land Canvass 


cc2. Interviews - Technical Data 

cc3. Interviews - Vessels and Aircraft 

cc4. Interviews - Marinas 

ccs. Stolen Crafts 

CC6. Police Canvass - Unusuals 

Airport Related/Port Authority 

DD1. nformation b3 


DD2. Pay Telephone Dumps 
DD3. Stolen/Abandoned vehicles at airports 


Manifest of International Flights. 


Recovery effort - Moriches/Grumman 
FF1. Copies of Outgoing Leads/Lab Request — 


rr4up 


FF3. Medical Examiner, Reports 
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FEDERAL BUREAU OF INVESTIGATION 


Precedence: ROUTINE os Date: 10/10/1996 
To: NEW YORK =" | ; — 


From: NEW YORK 
I-46 


Cocca: b7< 
Approved Fy: 
Drafted By: Tssti‘isisisCCit CC 


Case ID #: 265A-NY-259028-FF2 (Pending) 


Title: UNSUB(S); 
EXPLOSION OF TWA FLIGHT 800 
JULY 17, 1996; 
AOT-IT-EID; 


Synopsis: Item #30, 1B127, material sent to NTSB lab. 


Details: Item #30 from 1B127, evidence control # E1191108, isa 
portion of "Span Wise Beam No.2, Boeing #65B 12010-10". This 
item was shipped to the National Transportation Safety Board 
(NTSB) lab for metallurgical testing, on 08/09/96. (NOTE: This 
part is from a location within the fuel tank which is NOT 
directly accessible during normal "transportation" use of the 
aircraft.) 


Span Wise Beam #2 is at approximately station 1098, in 


the center wing fuel tank. This tank's location is from 


is different from the 238 inches indicated by th@6SAdN¥.@59028-SUB fFFA- 


approximately station 1000 to station 1238. The station numbers 
are marked out in inches. The tank's overall length is 
approximately 240 inches (due to curvature). 


The physical location in the center fuel tank of this 
portion of Span Wise Beam #2 is to the right of the center line. 
The "spars" and span wise beams in the center fuel tank are 
positioned from forward to aft as follows: the Front Spar 
(station 1000), Span Wise Beam #3 (station 1042), Span Wise Beam 
#2 (station 1098), the Mid Spar (station 1140), Span Wise Beam #1 
(station 1181), then the Rear Spar (station 1238). 


(NOTE: All station numbers given for each beam and spar & 
Tv 


are at the top. They are slightly different at the bottom. 
Also, the overall length is commonly cited as 240 inches, which 
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ae 


To: NEW YORK FreORRAL BUREAU OF INVESTIGATION 


Re: 265A-NY-259028, 08/10/1996 


numbers. This is due tothe curve of the. upper skim of 


the. 
tank.) .--- i 


~~ 


This item was returned in two (2) pieces on 08/15/96. 
It was cut during examination at the NTSB lab. Present during 
the examination was FBI metallurgist SSA 


A copy of the NTSB report is attached to this 
communication. 


The details of this report are reproduced as follows: 


(NOTE: The center line of the aircraft is referred as 
the "Butt-Line", RBL designates the Right Butt Line, or to the 
right of the center line.) 
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Approved By: Qs 
Drafted By: (Qqeeens 


Case ID #: 265A-NY-259028 (Pending) 


Title: UNSUB(S); 
EXPLOSION OF TWA FLIGHT 800; 
JULY 17, 1996; 
AOT-IT-EID 


Synopsis: Contact with NTSB representative. 


Detai b7Cc 


was contacted 
regarding status of investigation and utopsies being conducted 
at the Medical Examiner's Office. Oe ee also contacted 
regarding a database being put together in connection with the 
autopsy information, this will be addressed on a separate 
communication. 


WHR aavised that the Medical Examiners at the SCMEO 
are not in receipt of any clothing worn by any of the victims. 
bere fa like to have the ability to review this clothing to 
correlate injuries on the bodies with the apparel they were 

wearing. 


GED advised that autopsies should be completed by the 
middle of this coming week. After the autopsies are completed, 
the team of medical doctors at the SCMEO, which consists of the 
Medical Examiner, an FAA Medical Doctor and a Colonel from the 
Military acting in a consulting role for the NTSB will conduct a 
quality review of the data and autopsy reports generated and 
initiate a force vector analysis. The force vector analysis will 
be a review of all the damage done to the victims thus far 
recovered in an attempt to determine and plot the various 
trajectories with which debris hit the bodies. S 


265A-NY-259028-SUB“A-Z 


pa He oc ee 5 
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eo: 


WEEP was advised of the interest of the FBI in being b7Cc 
involved in this review. QED informed that this would be 
welcomed. Previous steps have been taken to have an investigator 


. from the-squad involved with this process. — a 
@MMMMMBwas also interested in ensuring that the seats, 
seat backs, seat cushions, etc., were all thoroughly reviewed for 
any fragments of foreign objects that may be contained within. 
GQUMEB cecommended the utilization of an X-ray machine to conduct 
X-rays on all seat cushions, seat backs, etc., to ensure that any 
foreign objects are removed from these items. 


GR agvisea that foreign objects being removed by the 
medical examiners from the bodies of the victims have been 
provided tc the FE. 


Review of FD-192s discloses numerous green sheets 
reflecting foreign material being removed from victims' bodies. 
These bodies are being identified through a body number code. 
Per FD-192s, these are being stored at the hazardous material 
room at Grumman. 


If not already done so; 


Attempts should be made to identify the fragments 
removed from the bodies as to particular plane parts and areas. 
This will be particularly useful when trying to conduct 
trajectory analysis and determine the origin of forces.. 


- Identify seats recoverec thus far by seat location, 
conduct X-ray of the seats to ensure that no fragments remain in 
then. 


- X-ray seat cushions recovered. Is it possible to 
match seat cushions recovered with the seats from which they 
came? Are any cushions being recovered separated. If not, when 
they are separated are they referenced to the seat from where 
they came? 


- Identify clothing recovered thus far through the body 
number. Examine this clothing for trajectory analysis, remaining 
debris, etc. 


- Assign an investigator from the task force to work 
with the medical doctors in conducting this review and 
coordinating the flow of information needed to perform and 
complete force vector analysis as described above. 
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To: LABORATORY DIVISION ; Attn: SECTION CHIEF RANDALL 
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From: 
CALVERTON CP 
Contact: seas 369-3313: 


Drafted By: 


Case ID #: 265A-NY-259028-FF (Pending) 


Title: UNSUB; 
EXPLOSION OF TWA 800; 
7/17/96 

AOT-IT-EOD; 

OO: NEW YORK 


Synopsis: Notification of meeting at Boeing Corporation, 
Everett, Washington, to review status of Boeing overpressure 
analysis of B-747 center wing tank 


Details: On Thursday, February 6, 1997, the Boeing Corporation 
will hold a meeting to review the status of Boeing overpressure 
analysis of the B-747 center wing tank. The meeting agenda is as 


follows: 

Factory Visual (optional - limited 8:00-10:00 

number of. people can be accommodated) 

Official Meeting Start 10:00 

Overpressure Analysis 
Introduction/Background 1/2-1 hr 
Fuel/Air Explosion Physics 1 hr 
Multi-Cell Compartments (Varied 1/2-1h 

Ignition locations) 


Structural Analysis Status 1 hr 


1-ADIC KALLSTROM 
1-SAC O'NEILL 
1-ASAC DOMROE 
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To: ADIC, NEW FEDERAL BUREAU EaGATION b7ze 


Re: 265A-NY-259028, 08/06/1996 


i ——— tt attend as a representative from 
’ New York. °SA a Bureau Aircraft Accident Investigator, is 


one of two agents working in a liaison capacity with the National 
Transportation Safety Board (NTSB) and all of the parties 
participating in the investigation into the cause of the 
explosion and crash of TWA 800 on July 17, 1996. SA@@m will 
travel from the Phoenix Division to attend the above described 
meeting departing Phoenix late February 5 and returning on the 
evening of February 6, 1997. . , 


It is requested that a representative from the FBI 
Laboratory attend the above meeting consistent with previous 
meetings concerning testing conducted to determine cause of the 
explosion and crash of TWA 800 July 17, 1997. 


It is anticipated that the Boeing Corporation will 
furnish transportation to the meeting site in Everett, Washington 
from a hotel location near the Seattle-Tacoma International 
Airport. This information will be provided when it is obtained. 
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= FEDERAL BUREAU OF INVESTIGATION 
: -- ° WASHINGTON, D.C. - 20535 
: oe « “3 oe 3 % ° ; = 7 . = 
os Date: April 25, . 1997 
To: ADIC, New York 
FBI FileNo. 265A-NY-259028 
. Lab No. 61114052 S AD HK 
70207064 S AD HK 
70224039 S AD HK 
Reference: Your communications dated February 6 and 19, 1997 
Your No. 265A-NY-259028 
Re: UNSUBS; 
EXPLOSION OF TWA FLIGHT 800; 
AOT-IT-EOD 


Specimens received: 


February 7 and 24, 1997 


Specimens received February 7, 1997 under cover of communication 
dated February 6, 1997 (70207064 S AD HK): 


Q128 One piece of splatter material (your item #MM1 CW-504 
LBL-104) 

Q129 One piece of splatter material (your item #MM3 CW-504 
LBL-106.72) 

Q130 One piece of splatter material (your item #MM4 CW-504 Ee, 
LBL-106) eigrreneceas: +: eee oe mn a OPED 

rs 2 = ye te oe eed a . 9 

Q131 One piece of splatter material (yo§r item #MM5 CW- 

114) 
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FEDERAL BUREAU OF INVESTIGATION 


.Precedence: ROUTINE 6. ie? < Date: . 12/08/1997 


To: New York Attn: ADIC JAMES KALLSTROM 
SAC JOHN O’NEILL 
ASAC PASQUALE DAMURO 


From: New York 
FBI Command Post, 
Contact: SA 


Approved By: Qp ssra 
Drafted By: Qa pce 


Case ID #:. 265A-NY-259028 (Pending) 


New York 


‘ 


Calverton, 


Title: UNSUB(S); . 
EXPLOSION OF TWA 800; 
7/17/96 
AOT-IT-EOD; 
00: NEW YORK 


Synopsis: Incorporates the 185 items of 1B evidence submitted 
for laboratory analysis in the investigation of TWA Flight 800 
into the case file. 


Enclosures: Enclosed are folders documenting the identification, 
movement and analytical results of 185 items of 1B evidence 
submitted for laboratory analysis. 


Details: A total of 185 items (items #1-#185) of 1B evidence 
were submitted for metallurgical and chemical analysis during the 
course of the investigation. The 1B numbers assigned to the 185 
items of evidence submitted for analysis range from 1B9, the 
first item of evidence, through 1B 586 for items 184 and 185. 

The laboratories that examined the 185 items of 1B 
evidence include FBI, NTSB, Brookhaven, DIA and Boeing. 

Each enclosed folder for the 185 items of 1B evidence 
submitted for laboratory analysis contains photographs, 
electronic communications documenting the movement of the 
evidence, laboratory results and the FD-192 (green sheet). 

Each folder provides a complete history of each item of 
evidence and should be made a permanent part of the case file 
265A-NY-259028. = 
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WEST COAST ANALYTICAL § 


Sample Description: +t Foam Rubber Sample 


in baggie on log~in shelf .,.... 
* Send report Fed~Ex #++# 


Group 


No. 


a ce sae oe 


Analysis 
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~~ Perchlorate 


(see c of.c 
Emission Spectroscopy | 


Sent to Spctrdn Cnsitnts 


_dob Number 33986 : 


Date Received 01/23/97 bac 


** #€ © # # & & © #  H FF 


Code. 
Date” Sampled: / of 


enclosed 


Instructions Enclosed 


Retainer $ = Ckt 


ERVICE, INC. # # # # # © 


Priority Price Ea Extension 


January 31, i997 


Arena. Stree’ 


Williamsburg, 


“Samples. Received: ‘one (1) Foam Rubper Sample 
Date Received: 1-23-97 


Purchase Order No: Paid In Full 


The sample was analyzed as follows: 


Samples Analyzed Analysis 
One (1) sample . Perchlorate by IC 


(1) sample .-——‘ Semiquantitative Analysis. 
Se by Emission Spectrosco PY 
‘Subcontracted. 


3 report is, to be reproduced 11 
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;Detection: 
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FEDERAL BUREAU OF INVESTIGATION 

TWA Flight 800, Case 265A-NY-259028 

~ Naval. Weapons Industrial Reserve’Plant 2k ae 
Calverton, New York 7 


TWA Flight 800 Brookhaven National Laboratory Examinations 


Date of Report: December I, 1997 


EXECUTIVE SUMMARY 


Brookhaven National Laboratory was asked by the FBI to assist in the Trans World 
Airlines (TWA) Flight 800 investigation by providing scientific support. Its scientists 
graciously donated both expert advice and laboratory examinations of several evidence items. 


Selected debris items and impact sites on the wreckage of TWA 800 that exhibited 
possible high energy characteristics were submitted to Brookhaven scientists for microscopic 
examination and chemical identification. No damage, characteristics, or material compositions 
were found to indicate the presence of non-T WA Flight 800 or weapons related material. 


PROJECT CONTRIBUTORS 


FBI: 


SA quad I-49; research and report co-author. bb? q 
SA Squad 1-48; research and report co-author. 
26 Federal Plaza 


New York, NY 10278 


Brookhaven National Laboratory, Director’s Office: 


lanning and Policy, 
office tel. (516) 344 


Brookhaven National Laboratory 
Upton, NY 11973 


Brookhaven National Laboratory, Department_of Applied Science, Materials Science Division: 


EE fice tel. (516) 34a 


I 


erengT, 


bac 


Materials Science Building 480 
Brookhaven National Laboratory 
Upton, NY 11973 
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BACKGROUND 


It became apparent by the end of November 1996, about four months into the FBI’s 
criminal investigation, that no aircraft debris recovered to that time had clear indicia of a high 
explosive event, although evidence recovery (i.e. ocean trawling for aircraft debris) and 
subsequent examination by bomb technicians for such indicia was continuing. In the face of 
no “classic” explosive artifacts,’ little forensic documentation or guidance on large-body 
aircraft missile engagements, and no supportable mechanical or operational explanation for the 
crash of Trans World Airlines (TWA) Flight 800, FBI management decided that “...any 
investigative or scientific avenue that was reasonable and which could assist in providing a 
factual cause of the incident should and would be pursued.” 


To supplement the already extensive scientific effort the FBI Laboratory was applying 


'Bomb technicians and FBI Laboratory scientists often cited, based on their experiences, the associated 
presence of variable-depth surface pitting, melting, penetrations, spalling, and hot gas impingement as examples 
of classic explosive artifacts. 


2EBI New York Electronic Communication by SSRA QED anuary 7,1997, case file bIC 


265A-NY-259028 serial 1186. 
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to the investigation, provide scientific peer review and a fresh perspective, and to have access 
to a nearby federal government facility with materials science experts capable of performing 
advanced imaging examinations in short turnaround, Brookhaven National Laboratory (BNL) 
was approached for assistance, resulting in a favorable response.’ The NTSB and FBI 
Laboratory concurred with FBI New York Office’s proposed utilization of BNL and 
participated in several meetings with BNL scientific staff during January and February 1997 
held at both the Director’s Office, BNL, and Hangar Six, Naval Weapons Industrial Reserve 
Plant, Calverton, New York (Calverton facility). During these meetings, participating BNL 
scientists were briefed on the investigation, introduced to FBI and NTSB investigators, and 
advised investigators on the scientific capabilities of their labs, offering gratis support that 
resulted in the efforts reported herein.’ 


At Calverton, the scientists were briefed on, among other topics, the evidence 
recovery, debris identification and placement, reconstruction projects, scientific observations, 
and NTSB’s crash sequence theory. They were escorted through the TWA 800 debris and 
reconstruction projects. 


Three projects ultimately resulted from this collaboration: metallurgical peer review of 
the wing center section failure assessment, chemical analysis of an unknown “splattered” 
material, and examinations of selected evidence items for indicia of high energy penetration. 
The scientists’ project reports are at Attachments (1), (2), (3), and (4). 


The cursory metallurgical peer review was conducted by 
Department of Advanced Technology, BNL. His task was to provide an unbiased review of 


metallurgical findings. No analysis or microscopic examinations were conducted. Qiiy 
SPREe 2 5:2080, Attachment (1), is self-explanatory and will not be addressed 
er. 


The unknown “splatter” material was found at various locations on the top of the wing 
center section. This location was significant because of the early role the wing center section 
had in NTSB’s sequence theory.> Several specimens were taken for analysis by NTSB and 


Bae 


3December 1996 meeting between Senior Supervisory Resident ce Se Special WIG 
Agent Qi £1; 2c Ce Planning and Policy, Brookhaven 
National Laboratory. 


‘As a preface to discussions about the investigation, BNL personnel were informed of the sensitivity of 
the case regarding possible criminal prosecution and civil litigation. They agreed to restrict discussion and 
dissemination of related subject matter to those involved in the investigation. None of the non-government 
NTSB party members (e.g. Boeing, TWA) were involved in the BNL activities. 


*NTSB’s sequence theory points to the ignition of the fuel-air mixture in the center wing tank, part of 
- the wing center section, as the event that led to the catastrophic airframe failure. The ignition source is as of the 
date of this report unknown. See NTSB Metallurgy/Structures Sequencing Report 97-38. As of the date of this 
report, NTSB was still studying the relationship and implication the splatter material had to the overall mishap 
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the FBI, one of which was submitted to CREMP National Synchrotron Light [7 


Source, BNL. Once a preliminary chemical identification was done, several control 
_ specimens from known aircraft structure were submitted for comparison. GHEE: c port, 
Attachment (2), cOmprehensively: documents“his anatysis and will not be addressed’ further. 


ee prere cera NE materials science examinations, primarily looking for high 
energy penetrations. e interest in high energy penetrations stemmed from the development of 
several hypotheses of criminally initiated events that might have accounted for the lack of a 
classic explosive signature. Among these hypotheses were the possibilities that a missile 
warhead detonated at some distance external to the TWA 800 airframe, resulting in only a few 
warhead fragment penetrations of the aircraft, or that an explosive device detonated in or on the 
aircraft but the explosive signature was, for some reason, masked or attenuated. If either of 

those scenarios were true, then the evidence of an explosive fragment penetration--amongst the 
myriad penetration sites throughout the airframe--might be discovered undcr microscopic 
examination. 


irst examination was on a non-T WA 800 penetration site that Boeing b7IC 
made by firing a steel projectile through an aluminum alloy plate. Qqgexamination 
revealed a presence of steel, apparently transferred to the aluminum plate by the steel 
projectile, anecdotally supporting the possibility of discovering microscopic material from a 
penetrator in a penetration site. Her report, Examination of the Boeing Test Sample: The 


Fracture Surface of Al 2024 Alloy Following Penetration by Steel Projectile @ 3000 ft g! 
at Attachment (3). 


Subsequently, two evidence items associated with the TWA 800 debris were submitted 
to GS (0: examination because of their damage features. FBI evidence item 1B-377 bac 
was a penetration site in the vicinity of the L3 door. It appeared to have been made by a 
penetration directed into the fuselage. As well, the surrounding fuselage skin had various 
degrees of scraping, dimpling, and fracturing. The area was examined by FBI bomb 
technicians, yielded no identification of an explosive signature, so the site was cut from the 
fuselage and submitted to Qgggwhose report is at Attachment (4). 


The other item of intriguing appearance was 1B-423. This piece was recovered during 
trawling. There was no way to confirm that it came from the TWA 800 aircraft, but bomb 
technicians pulled the item aside because of its spike-feature fractures. To discover the item’s 
composition and to search for possible transferred material, it was subjected to microscopic 


examination by Qa 


sequence. 


High energy in this context denotes a penetrant of such mass and/or velocity sufficient to leave certain bIL 


characteristics in the penetration site, such as those identified in QjgpBoeing Test Sample report at 
Attachment (3). ‘ 


; ‘ 
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Two other items, 1B-410 and -28, were submitted for identification because of their 
dissimilarity in appearance with TWA 800 debris, not for any particular damage features. 
_ This examination was an attempt to discover any probative characteristics in the material and 
was performed by BNL because of their close proximity to Calverton and fast turnaround. 


METHOD 


All items were tracked and documented as evidence. Unknown evidence items 
submitted for examination remained in the custody of SA GPR roughout. b7c 
Items of known identity or samples extracted from an item were released into the custody of 
Brookhaven personnel only when necessary. The following four items were examined by <> 
aterials Science, BNL.’ 


1B-28 


This item, one of 20 similar pieces removed during autopsy of Suffolk County Medical é 
Examiner’s case WQQPwas approximately Smm in diameter and charcoal colored. The v4 Oo 
item was polished and then subjected to an energy dispersive spectrometer (EDS) analysis to by 
determine its chemical composition. 


1B-377 


The item was a 5 x 5 cm square piece with a penetration at its center, cut from the 
fuselage aft of the L3 door. EDS analyses were performed on both of its fracture surfaces, 
the external coated areas, and indentations. The item was also analyzed using a synchrontron 
x-ray fluorescence microprobe. 


1B-410 


The item was a sliver of grey uncoated material that was submitted to BNL for an 
EDS analysis. No further tests were required. 


1B-423 


Item 1B-423 was transported to BNL for testing. An EDS analysis was performed on 
three areas: the spike-feature fracture surface, the green colored area, and the base of the 
“teeth” at some apparently melted areas. A small piece was cut from 1B-423 and mounted in 
an epoxy resin to facilitate alloy identification. This cut piece was released into [i KIC 


7 Attachment (4), Materiats Analyses of Samples from TWA Flight 800 
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custody and subsequently returned to the FBI. 


iece of 1B-423 was later 


bl. 


SA QED onducted an investigation to determine probable airframe B7C 


sources of item 1B-423. His efforts are delineated in the Analysis/Conclusion section. 


FACTUAL RESULTS 


See attached reports. 


ANALYSIS/CONCLUSION 


All items, excepting 1B-423, were satisfactorily discussed in the BNL reports. No 
probative characteristics were discovered. The origin of item 1B-423 remained inconclusive 
after initial BNL testing, however. 


In an effort to locate possible material matches to item 1B-423, a preliminary survey 

was conducted of all engine debris. On September 18,19 conference call was held IC 
f Pratt and Whitney 

rovided information concerning the use of titanium 
compounds in airline engines, suggesting engine blades, engine casings, and fuel impeller 
pumps as possible sources. Following this conference call, sent a copy of a fuel 
pump schematic to S ndicating the location of a fuel pump impeller. An 
exhaustive search of the engine debris from TWA Flight 800 was then conducted in an 
attempt to isolate all metals with compositions similar to 1B-423. Each section of debris was 
examined for the following characteristics: color, weight, texture, damage indicia (such as 
fracture types and spike-feature damage), and possible signs of corrosion or oxidation. 


On October 6, 1997 2QQMMMEBB f Pratt and Whitney Aircraft spoke with SA b Té 
y telephone and provided further information concerning the use of _,. 
titanium compounds. He stated that the fuel pumps on this type of airplane engine would not 
contain titanium and would more likely be made of mostly aluminum parts. The blades of the 


®See memorandum (not attached) dated September 29, 1997, by Defensive 
Systems Office, Missile and Space Intelligence Center, Defense Intelligence Agency, and supporting documents. 
This report is on file under Metallurgical Analyses, DIA. 
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engine were suggested as possible matches to item 1B-423. He further stated that other areas 
of the airplane could also contain titanium compounds, such as the hydraulic or pneumatic 
pumps. 


’ - A total of fourteen different pieces-were selected-from the engine debris as having a 
similar appearance to 1B-423. On October 3, 1997, a sample was taken of each piece, 
assigned an item number and presented t BNL, for composition comparison with 
1B-423. The fourteen samples were as follows: 


1) 1B-572, item 167, a grey metal piece approximately 3.0em x 1.5 cm x .5 cm., 
taken from the casing of a fuel pump. 


2) 1B-573, item 171, a silver and grey metal piece, 1.S5cm x .Scm x .4cm, taken from 
an apparent engine support strut. 


3) 1B-573, item 172, a silver and green colored metal piece, approximately 1.0cm x 
.Scm x .4 cm taken from the casing of an engine. 


4) 1B573, item 173, a green and grey metal piece, 1.Scm x .75cm x .Scm, taken from 
an engine propeller blade, which came from engine number four. 


5) 1B573, item 174, a green metal picce approximately .6cm x .5cm x .3cm, taken 
from an engine propeller blade, which possibly came from engine number three 


6) 1B573, item 175, a silver colored piece of metal approximately 1.0cm x .6 cm x 
.2cm, taken from an engine propeller blade, which possibly came from engine number three. 


7) 1B573, item 176, a silver colored piece of metal, approximately 2.5cm x .Scm x 
.2cm, taken from and engine blade, which possibly came from engine number one. 


8) 1B573, item 177, a grey and green metal piece approximately .6cm x .Scm x.3cm, 
taken from an engine blade mount, which possibly came from engine number three. 


9) 1B573, item 178, a grey and green metal piece approximately 1.0cm x 1.0cm x 
75cm taken from an engine blade, which possibly came from engine number four. 


10) 1B573, item 179, a silver and grey metal piece approximately .75cm x .4cm x 
.2cm taken from an engine blade mount, which possibly came from engine number four. 


11) 1B574, item 180, a green and grey metal piece approximately 1.2cm x 1.0 cm x 
.2cm taken from the casing of engine number four. 


12) 1B574, item 181, a green and grey metal piece taken from an outer engine ring 
from engine number three, approximately 1.lcm x .Scm x .2cm. 


bIC 
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13) 1B574, item 182, a green and grey metal piece, approximately 5cm x .75cm x 
.4cm, taken from a ring near the rear of engine number two. 


14) 1B574, item 183, a green and grey metal piece approximately 1.0cm x .Scm x 
25cm, taken from a large tube-shaped support. 


These samples were examined using EDS in the same manner as item 1B-423. Two 
of the samples (Item 181 and Item 183) were found to have compositions of T1-6.2AI-2.7Sn, 
which is consistent with AMS 49XX series alloys and most probably the same material as 
item 1B-423,? 


On October 31, 1997 Pratt and Whitney Aircraft, stated during a b7C 
telephone conversation with SA that AMS 4966 was used in the engines 


of TWA Flight 800 for various parts, two of which were the engine rings and radial supports. 
He provided fax copies of the Pratt & Whitney Parts Catalog, which indicated the location of 
these parts. Theses schematics also match the locations from which Items 181 and 183 were 


taken. 


Based on the probable composition match described above, it is a reasonable 
conclusion that item 1B-423 was from a TWA Flight 800 aircraft engine. 


ATTACHMENTS 


(1) October 27, 1997 memorandum by i Department of Advanced 7c 
Technology, Environmental and Waste Technology Center, Brookhaven National Laboratory. 


(2) Report of Infrared Microscopic Analysis of Items # 62 and MM7, by Qy 
QD \2tional Synchrotron Light Source, Brookhaven National 


Laboratory. 


(3) Examination of the Boeing Test Sample: The Fracture Surface of Al 2024 Alloy 
Following Penetration by Steel Projectile @ 3000 ft s', by QQ ct al. 


(4) Materials Analyses of Samples from TWA Flight 800 and Appendix I, by@@gy 


*See Attachment (4), Appendix I. 
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BROOKHAVEN NATIONAL LABORATORY 


MEMORANDUM 


Environmental & Waste Technology Center 


DATE: October 8, 1997, Revised October 27, 1997 


TO: eae bic 


FROM: 


SUBJECT: Flight 800 Review 


As previously discussed in my May 2, 1997 memorandum to you (attached), here are my 
impressions and observations regarding the Flight 800 investigations: 


1) All of the personnel that I have interacted with during my review (either FBI or N SB) 
have been competent, capable and dedicated to determining the cause of the aircraft 
disaster. 


2) My review consisted of a walk-through at the hanger, inspection of wreckage and 
evaluation of the data and test results that have been generated to date. The following 
documentation was reviewed: 

A) NTSB - Metallurgist’s Factual Report No.97-81, dated April 29, 1997. 

B) NTSB - Metallurgist’s Factual Report No.97-82, dated April 22, 1997. 

C) NTSB- Metallurgist’s Factual Report No.97-85, dated May 2, 1997. 

D) NTSB- Metallurgy/Structures Sequencing Report No.97-38, dated April 

8,1997. 


3) After reviewing the generated data, I re-inspected the wreckage for sequencing of 
events. 


4) Observations and review of the aforementioned docurnents are consistent with the NTSB 
appraisal that the blast initiated in the center fuel tank area, somewhere in the vicinity of 
spanwise beams 1 and 2. The extensive reconstruction of the plane and detailed mapping 
of the recovered components substantiate this hypothesis. 


5) Comparison of the recovered pieces to metal having received the blast of a missile, tend 
to significantly diminish the theory that the plane was shot down by a missile. 


@ @ 
6) The apparent directionality of the blast did cause me some initial consternation. There 
did not appear to be any significant structural weakness or flaw that would induce the 
resultant fuel tank expansion in a “forward-port” direction. I am not an explosives 
expert by any means, but it $¢emed to me that a tank would have a tendency to blow 
outward in a more omni-directional mode after the appropriate. pressure had built up upon 
ignition. This did not, by observation, appear to be the case. I have since had discussions 
with one of the BNL combustion/explosion experts and he assured me that the point of 


ignition for the incident could have been in a different location than the area where the 
explosion occured. So... 


In conclusion, it appears that although a thorough and comprehensive evaluation has been 
performed by all parties involved, only the location of the explosion is reasonably fixed, while 
the cause of the explosion is still an open issue (mechanical failure, pre-meditated induced failure, 
etc.). 
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Report of Infrared Microscopic Analysis of Items # 62 and MM7, by Wi e7< 


QE So! Synchrotron Light Source, Brookhaven National 
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Report of Infrared Microscopic Analysis of Items #62 and MM7 


, National Synchrotron Light Source 


Brookhaven National Laboratory, Upton, NY 11973 


Summary overview 


Small quantities of material from the TWA 800 flight aircraft were brought to the NSLS by 
FBI Agent QD The intention was to identify materials or correlate unknown 
materials from one category with known materials from another category. Two groups of 
evidence materials were investigated, one (item 62) from known aircraft components, the other 
(item MM7) of unknown origin. 

Infrared spectroscopy measurements were performed to compare materials from each item. 
Spectra for the main constituent of item MM7 (a rubbery / elastic material) were found to match 
spectra taken from a foam-like material of item 62. Spectra were also take from what appeared 
to be fine glass-like fibers imbedded in the foam of item MM7, and compared to glass-like fibers 
from item 62. A good match was not obtained, possibly due to differences in the fiber diameters 
between the two item categories (smaller for item MM7). 


Infrared microspectroscopy 


Infrared microspectroscopy is a non-contact, non-destructive method for characterizing the 
chemical content of small specimens. The particular spectral range spans wavelengths from 2.5 
microns out to nearly 20 microns. This corresponds to the frequency range (measured in 
wavenumbers, the inverse of the wavelength in cm) from 500 cm’ to 4000 cm". These 
frequencies match many of the bending or stretching vibrations that occur in complex organic 
(and inorganic) materials, leading to the absorption of light. Since some of these vibrational 
frequencies vary with even small changes in molecular structure, a mid-infrared absorbance 
spectrum can be a sort of “molecular-fingerprint” of a material. When spectroscopy is combined 
with microscope optics, small sample areas can be isolated and measured. The high brightness 
synchrotron infrared source allows specimens just a few microns in size to be measured. 

The measurements reported here were performed using both a conventional infrared source 
and also with the synchrotron source. The latter proved to be important for obtaining good 
quality spectra from the small glass-like fibers, which were only ~ 3 microns in diameter. 


Evidence items - visual description 


Item 62 was described as a selection of material from known systems of the aircraft, i.e., 
their source location was understood. The selection contained irregularly shaped pieces of a soft, 
porous, foam-like material (“bulk foam”) and a thin, semi-rigid, layered material composed of a 
foam layer (“layer foam”) attached to a fiberglass-epoxy composite structure (“epoxy material” 
and “glass fibers”). The bulk foam and foam layer were both a light yellowish brown in color 
with the latter darkened in places. The epoxy was more yellow in color. Partially imbedded in 
the epoxy material were thin glass-like fibers, arranged in a square weave pattern. 

Item MM7 was described as material of unknown origin. It consisted of small! millimeter- 
sized) pieces of a heterogeneous rubbery/elastic material formed into an interconnected network. 
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The color ranged from yellow-brown to nearly black, giving the impression of fire or heat 
exposure. Small white polycrystalline grains were occasionally found imbedded in the material, 
as well as a few glass-like fibers. 


‘Microspectroscopy method 


Infrared spectra were obtained from the materials of items 62 and MM7. In most cases, a 
small section of material was squeezed between clean sections of KBr windows to provide a 
sample thin enough for a transmission measurement. The samples were translucent, and sample 
regions were chosen that had no evidence of inhomogeneity. Actual thicknesses were not 
measured or recorded, but were estimated at about 5 microns. Reference spectra were collected 
through clean areas of the KBr windows. The transmission data for all materials, except the 
glass-like fibers, were converted into absorbance units. Spectra for the reference materials of 
item 62 are shown individually in figures 1-4. Spectra were typically recorded for several 
locations in one type of specimen. The foam layer material had blackened regions, which was 
assumed due to the charring effects of exposure to fire, and a spectrum from both light and 
blackened regions were collected (see Figure 2). 


Data: visual images and infrared spectra 


Item 62 - reference specimens 


Item 62 - bulk foam 
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' Figure |: (Left) Visual image of a bulk foam section from item 62, pressed between KBr plates. The 
foam material is translucent, and occupies the region bordered by irregular dark margin. The highlighted 
rectangular region represents the 45 micron by 60 micron area probed with the infrared 
microspectrometer. (Right) Infrared absorbance spectrum from the bulk foam section of item 62. 


—— Layer foam 
Blackened layer foam 
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Figure 2: [tem 62 - absorbance spectra of the thin layer foam material, both light brown and darkened 


regions 
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Figure 3: Item 62 - absorbance spectra from the epoxy-like material. 


Item #62 glass-like fibers from 
epoxy/composite material. 
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Figure 4: Optical image of item 62 glass-like fibers (left), and transmission spectra for several such 


fibers from item 62. Three measurements of different fiber locations were performed to check 
reproducibility. 


Item MM7 specimens 
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Figure 5: Optical image (left) and absorbance spectra (right) of compressed light brown foam material 
of item MM7. The highlighted area of the optical image shows the area probed with the infrared. 
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Spectra from other portions of the foam material, though darker in color, yielded nearly identical 
spectra.. 


100 


MN imbedded glass-like fibers. 
80 Two separate locations for each 
of two different fibers 


Transmission 


20 


0 
4000 3500 3000 2500 2000 1500 1000 


Frequency [cm] 


Figure 6: Optical image of a glass-like fiber with IR measure region highlighted(left), and transmission 
spectra for item MM7 - glass-like fibers (right). Two measurements each of two different fibers. 


Comparisons & interpretation 


With the exception of the glass-like fibers, the spectra are consistent with synthetic organic 
compounds. Since we do not maintain an extensive spectral library (though such libraries exist 
elsewhere), we have not attempted a detailed analysis of the spectra nor matching to actual 
materials. Instead, we compare spectra of item MM7 (unknown origin) components with item 62 
(known aircraft origin) components and look for matching spectra. 

A quick inspection reveals that the foam/gum material of item MM7 closely matches the 
bulk foam material of item 62. Each absorption feature occurs at the same frequency, and the 


relative strengths of the various absorptions are also relatively close. This is shown in Figure 7, 
below. 
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Figure 7: Spectral comparison for MM7 bulk foam and item #62 bulk foam illustrating the close match 
in spectral properties. 


We can also show substantial disagreement between item MM7 foam and the other 
specimens from item 62. Neither the epoxy material nor the layer foam material have spectra 
that agree with the MM7 foam, as can be seen in Figure 8. 
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Figure 8: Spectral comparison of item MM7 bulk foam with item 62 epoxy-like material and item 62 
thin layer foam (light brown or dark/black). Strong differences among the spectra indicate dissimilar 


material composition, 


wae, f- eee 
Finally, the glass-like fibers of MM7 have general characteristics similar to fibers in #62. 
The absorption (transmission minimum) near 1000 cm’ is consistent with silica, and suggests 
both are simple glass fibers. However, differences in the MM7 and #62 spectra (oscillation 


period, variations through absorption region, overall frequency dependence) suggest MM7 fibers 
. are smaller than item #62 fibers. This could be checked by visual microscopy. 


Summary 


Infrared spectra were recorded for materials from evidence items 62 and MM7. Chemical 
identification was not attempted due to a lack of spectral libraries at this facility. The spectra for 
the main constituent of item MM7 - a foam / gum network - were found to agree closely with the 
bulk foam material of item 62. The glass-like fibers of items MM7 and item 62 produced spectra 
consistent with glass material. However, differences in the spectra - interpreted as due to 
multiple reflection / interference effects - suggest the fibers have different diameters. Direct 
(visual microscopy) of the fibers should confirm the different diameter. Finally, the smal! white 
polycrystalline grains found in item MM7 (but not item 62) produced spectra consistent with 
basic salt. 


Examination of the Boeing Test Sample: The Fracture Surface of Al 2024 Alloy b7C 
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Examination of the Boeing Test Sample: The Fracture Surface of Al 2024 Alloy 
Following Penetration by Steel Projectile @ 3000 ft s'! 


Corrosion Group, Matcrials Science Division, Brookhaven National Laboratory 


February 20th 1997 
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Optical Microscopic examination showed areas with distinctly different surface finishes. 
The general surface has a dull appearance and is sheared in the direction of the projectile 
motion. The resulting surface is “scale-like” with the cleaved plates pushed forward along 
‘the fracturé sifface (as shown in SEM micrograph - Fig. 1). Close to the eniunee hole 
there were significant areas that had a much more shiny luster. These could be correlated to 
zones where surface melting had occurred during the impact. Metal extrusion occurs at 
both the entrance and exit and at first examination the direction of the projectile is not 


obvious. Thus it is important to establish whether deformation around the hole occurred 


under compressive or tensile forces. 


Scanning Electron Microscopy of the surface clearly shows the sheared surface along the 
direction of the projectile: Figure | gives an overview of the entire fracture surface with the 
projectile direction indicated. Figure 2 shows a close up of one of the sheared platelets. 
Further examination showed areas where there is strong evidence of surface-melting and 
fluid like features are observed (Fig 3. middle). Figure 3 shows a series of micrographs 
taken along the fracture surface: the bottom figure is at the point of entrance and shows no 
unusual feature for cleavage of Al. The middle figure is close to the entrance on the fracture 
surface - the liquid appearance implies surface melting and a separate layer on the alloy 
surface. The amount of this material apparently decreases towards the exit possibly 
indicating a degree of cooling. Elemental analysis of the “melt-zones” shows a significant 
enrichment of Fe when compared to the base alloy (see Table 1), and there is strong 
evidence of metal transfer between the projectile and the target in these areas, 


i.e. during the surface melting, alloying between the Al 2024 and the mild steel occurs. 


Al 2024 plate, cross-section of fracture surface 
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Table L. Integrated intensities of peaks in EDS spectra for aluminum, copper and iron. The 


iron/copper ratio is a good way of comparing the regions since the technique has a similar 


sensitivity to both iron and copper. The iron enrichment in the melt-zone is clearly evident. 
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ae: _ Materials Science-Division » 
Brookhaven National Laboratory 


Samples associated with TWA flight 800 have been examined, primarily for 
materials identification, using scanning electron microscopy wit 


be 


fate jals Science Division). The objectives were to establish whether certain 


pieces we > ac ally from the aircraft and to look for evidence of material transfer on 
fracture surfaces. 


The chemical compositions of the samples were analyzed with a JEOL 6400 SEM 
configured to an EDS (Noran) series energy dispersive spectrometer and associated 
microanalyser. The accelerating voltage was 17 kV, the typical working distance was 
approximately 35-40 mm, and take-off angle was 40°. The net intensities for each peak 
were processed in semi-quantitative standardless mode (i.e. alloy standards were not 
measured) which uses ZAF (atomic number, absorption, fluorescence) corrections. 
(Micrographs of samples [B377, IB423 and IB28 were also taken but are not presented 


here - original data held mY] 49 < 


Sample ID # 1B377 (item 63) - penetration site on fuselage 


A 5X 5.cm square piece was cut from fuselage aft of L3 door, with the penetration 
at the center (~1.5 cm dia.). A primer coating and paint top-coat were intact away from the 
penetration site. Small indentations in the metal surface were observed around the 
penetration site. The sample was not examined in cross-section so quantitative analysis of 
the fracture surface were not obtained. (Further analysis of the fracture surface was to be 
carried out by GD: the NTSB. It should be noted that simple comparison of the b7Cc 
fracture surface to test samples from Boeing may be misleading if the fracture surface is 
_ heavily corroded. In the case of an iron projectile evidence of surface melting on the 
fracture face can be lost after only 72 hours exposure to sea water. In this case, chemical 
analysis is critical in order to establish material transfer). 


Yd 
® / . ® 


SEM/EDS analysis was performed on both the fracture surface (as far as sample 
geometry allowed), the external coated areas, and the indentations (Figs 1-4). The fracture 
surface showed flat “mud-cracked” oxide features; chemical analysis indicated the presence 

of Al, trace amounts of Fe and Mg and large signals from typical salts (Na, Ca, Cl). 

“Spectra from the painted areas were all consistent with the known coatings on the aircraft 
(from comparison with EDS spectra provided by manufacturer). No foreign material was 
observed. 


In the case of sample IB377 the surface was also analyzed using the synchrotron X- 


ray fluorescence microprobe rE. amline X26A of the 
National Synchrotron Light Source. The incident radiation was defivered at 45° to the plane 


of the sample as a 300 x 300 tm unfocussed white beam, and the fluorescence spectra 


were detected at 45° by a multi-element detector (Canberra). The Xray technique is more 
sensitive to trace elements but has a larger penetration depth (i.e. is less surface sensitive). 
Examination of the fracture surface was in general consistent with the SEM data except that 
small amounts of Cadmium were observed through the penetration surface. This is 
consistent with paint fragments dragged through (and deposited) on the penetration. 
Cadmium was also observed on the painted areas of the piece, and is commonly found in 
red pigments. 


Sample ID # IB423 (item 92 ) - “spiketooth” - Unknown origin. 


Metallic sample with spiketooth fracture surface characteristic of adiabatic shear 
during fast fracture. Evidence of high temperature exposure during failure indicated by 
areas of blue oxidized material and areas of apparent melting at the base of the “teeth”. 
Olive green coloration of surface away from fracture. 


A small piece of the material was cut from the original sample, mounted in epoxy 
resin and polished to | jm finish using SiC and diamond paste. The alloy composition was 
determined to be ~ Ti - SAl- 3Sn (weight %) - (Fig. 5). 


EDS analysis was performed on three areas on the main spiketooth sample: 


1. Fracture surface - (Fig. 6) Consistent with base alloy composition but, additionally 
some trace Fe, Cu was observed. 


&) 


pact : 
sf . LF 
2. Green area- (Fig. @..SEOAET. oxidation ®... alloy material (O, Ti, 


Al, Sn and small trace of Ca observed). 
3. Base of the teeth at apparent melted areas (Fig. 8) Again a trace amount of Fe is 

observed that was not seen on the bulk base alloy (as in !). 

This specimen shows evidenéé of fast fracture and possible transfer of Fe at the 

fracture surface. It should be noted however, that Fe is a common impurity in Ti alloys 
resulting from the extraction process (up to 0.2 wt. % for the most commonly used “Kroll” 
process - see Table | - from “The physical metallurgy of Titanium Alloys, Qi b7¢ 
The bulk alloy is possibly engine material used on the aircraft (49XX series Ti alloys) and 
further tests are presently underway in order to match the sample to actual engine pieces 
{see Appendix 1}. Currently the origin of the piece remains unknown. 


Sample ID # IB410 (item 86) - “fin” 
Sliver of grey uncoated metal - Unknown origin 


EDS spectrum of sample (unwashed) indicated the material to be Al based with Cu 
and Fe (consistent with a 2000 series alloy used in aircraft), additional peaks from salt 
contamination (Na, Ca, Cl, K, S, Mg) were also observed. No further tests were required. 


Sample ID # IB28 


Small charcoal colored particles (1 of ~20 similar pieces) measuring ~5 mm in 


diameter. On polishing the sample was orange colored and transparent. Unknown origin. 


SEM analysis indicated that the material was multi-phase having a base matrix 
containing Al and Ti (Fig. 9). The sample showed significant charging under the electron 
beam indicating that it is a very poor conductor - i.e. not metallic. Three other distinct areas 
could be observed, two were similar to the matrix but contained significant amounts of Zr 
(Figs. 10,11), the other was mostly Al with Ca, Ba and Ce (Fig. 12). 


. fon ; 
Figure 1. EDS Spectrum of IB377 (item 63) Fracture surface. © 
Figure 2. EDS Spectrum of [B377 (item 63) Green “primer” area. 
Figure 3. EDS Spectrum of [B377 (item 63) Red paint. 

_Figure.4, EDS Spectrum of [B377 (item 63) Indentation around penetration site. 
Figure 5. EDS Spectrum of IB423 (item 92) Polished sample - base alloy 
Figure 6. EDS Spectrum of 1B423 (item 92) Fracture surface. 

Figure 7. EDS Spectrum of [B423 (item 92) Green area. 

Figure 8. EDS Spectrum of # IB423 (item 92) ‘‘Meit” area at base of teeth. 
Figure 9. EDS Spectrum of IB 28 - Matrix 

Figure 10. EDS Spectrum of TR 28 - Particulate | 


Figure 11. EDS Spectrum of IB 28 - Particulate 2 
Figure 12. EDS Spectrum of IB 28 - Particulate 3 


Table Y —— Total Impurity Contents 
of Iodide- and Kroll-Process Titaniums 
in Weight % 


- Element lodide Ti Kroll Ti 
Mg 0.01 0.13 
Si 0.01 0.05 
Al 0.02 
Fe 0.01 0.20 
Ni 0.01 
Co 0.02 
Cr 0.01 
Mn 0.005 0.02 
Cc 0.01 0.08 
N 0.02 0.04 
Oo 0.02 0.11 
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Figure 1. EDS Spectrum of IB377 (item 63) Fracture surface. 
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Figure 2. EDS Spectra af oT 63) Green “primer” area, 
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Figure 3. EDS Spectrum of IB377 (item 63) Red paint. 
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Figure 4. EDS Spectrum of 18377 (item 63) [ndentation around penetration site.. 
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Figure 5. EDS Spectrum of [B423 (item 92) Polished sample - base alloy 


Figure 6. EDS Spectrum of IB423 (item 92) Fracture surface. 
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Figure 9. EDS Spectrum of IB 28 - Matrix 


EDS Spectrum of IB 28 - Particulate 1 
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Figure 12. EDS Spectrum of IB 28 - Particulate 3 
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Appendix I 


. Samples tested for comparison to item # 2_(1B423 


Selected pieces of recovered aircraft engine material were examined using EDS as 
described previously. Composition of IB423 was ~ Ti - 5A] - 3Sn (weight %), most 
likely a 49XX c-phase alloy. 


Item_130 - ‘compressor blade’. Grey metal with greenish oxidation product. Samples 
mounted in epoxy resin and polished to 6 ttm finish with diamond paste. Semiquantitative 
EDS analysis showed the material to be a Nickel based alloy with a composition of Ni- 
13.5Cr-6.2A]-5.7Mo-2.3Nb-0.6Ti (Figure A1). 


Items 167-183 - samples taken from engine casing, supports and biades. All samples are 
qualitatively similar in appearance to item IB423. Samples were mounted in epoxy resin 
and initially ground on a rotary sander. At this stage it was easy to differentiate between the 
hard and soft alloys (the Titanium alloys are likely to be significantly harder than Aluminum 
or Nickel alloys). Two samples (181 and 183) were selected for further testing and were 


polished to 1 [tm diamond finish. 


Samples 181, 183 - samples from outer engine ring (#3) and engine radial support 
respectively. EDS spectra for the two samples were identical (Figure A2 shows the data 
for #181). The composition was determined to be Ti-6.2AI-2.7Sn. To within the error of 
the measurement this is consistent with the 49XX series alloy i.e. is most probably the 
same material as item 423 (note that there is only one common ternary Ti-Al-Sn alloy 
produced). 


Figure Al. EDS spectrum of sample 130 
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Synopsis: Encloses FD-302s documenting submission of an unknown 
material and comparison samples to Brookhaven National Laboratory 
for analysis. 


Enclosures: Two FD-302s by SA Wa regarding b7< 
chain of custody, with investigation dates of 2/11 and 2/27/1997. 


Details: An unknown brown material, with the appearance of 
having been splattered, was discovered at various locations on 
the top of the Wing Center Section. Several specimens were taken 
to analyze and identify at different laboratories. 


The test specimen originally labeled by 
National Transportation Safety Board, as MM7 was released to 
Brookhaven National Laboratory (BNL) by 5) on 
2/10/1997. Preliminary elemental study was performed, withou 
conclusion. MM7 was later redesignated in the FBI evidence files 


as item 56 (after the enclosed FD-302 concerning MM7 was 
written). 


Subsequently, known material samples from aircraft 
structure around the extraction site of MM7 (item 56) were taken 
and secured as evidence items 58, 60, and 62. On 2/27/1997, the 
three known items were taken to BNL for comparative analysis with a! 
MM7. While MM7 was released to BNL custody, items 58, 60, and 62 
remained in SA Wy} custody. 
| . D6SA-NY-259028-SUB FF 
Only item 62, which is insulation foam around an 
environmental air duct, was examined. The BNL Physi 


determined (Ade Mhere was a strong correlation bet wep — a= : INDEXED_____. 
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To: New York . New York & 
Re: 265A-NY-25 8, 03/13/1997 


spectroscopy characteristics of MM7 (item 56) and item 62. In 
. other words, the brown material is probably made of the same 
substance as item 62, insulating foam. . 


Fibers in MM7, thought to be silica based (glass), did 
not correlate well with duct fibers in item 62. Further analysis 
is required on these fibers. 
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WAT: iaw 

i , : , = _ 
on July 25, 1996, b7Cc 
National Disaster Medical System, advise 

following: 

He was told by Regiona]) Medical 
Examiners Office, sta Q1) 
648-7289, that she observed an individual taking pictures in the 
morgue at the Suffolk County Medical Examiner's Office on July 
24, 1996. She was described as bein 


on July 26, 1996, CP ~ 2s telephonically b7e 
Sciegilialiey seeking th: provided a fax picture of the only 
meeting that description. The faxed picture was 
that of jndicated that she 
could not be abso utely certain because she had focused on the 


camera rather than the face which was covered by a mask. She 
indicated that the hairstyle in the photo was consistent with the ( 
person she observed. She said that the woman had a cheap light- 
colored instamatic camera. - 


on July 26, 1996, a 2 ; paged and she b7: 
quickly returned the page to the Long Island Resident Agency 
(LIRA). She was told that she had been tentatively jdaentified as 
an individual who may have taken unauthorized pictures of bodies 
in the morgue area. She denied having done so and stated that 
she did not even have her camera with her. she was asked to 
identify her camera and she described it as a yellow disposal 
camera. 


was advised that despite her statement 
she was being advised that the crash of Trans World Airlines 
Flight #800 was a federal investigation and any unauthorized use 
of photographs taken at the morgue would have serious 
ramifications. can be reached at pager number 
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| AUGUST 3, 1996 : 
| 9:45 AM... | 
' FOR RELEASE: IMMEDIATE 


UPDATE 


Total Decedents Received by the Suffolk County ME’s Office 188 — ~— 


Total Positive Identifications 


Total Positive Identifications with Family Notification 181] 


Decedents with Positive Identification 3/3/96 | 
Families Have Been Notified 


etna 


Tad Name of Deceased | First Name of Deceased [Hometown _—s'[ State sd 
ee | 
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; Dastattanscapaen 7/25/1996 


On July 24, 1996, information developed indicating that 


U 
an individual naned QE aa been taking pictures at the b?L& 


Suffolk County Medical Examiner’s Office (SCMO). Investigation 
—————, is he was 


Lewis County Sheriff’s Department, and was 


attached to the State Emergency Mana Office (SEMO). 
Contact with SEMO, (518) 457-2222, 
indicated that no person working with or attached to his agency 


was authorized to be photographing anything related to the Trans 
World Airlines (TWA) flight 800 incident. 


On July 24, 1996, CS «2 contacted and was b7c 
directed to voluntarily surrender a film taken in connection 


with the air disaster. He was asked if he was aware of any other 
individuals taking pictures and he provided two additional names. 


Wie advised that ad 
also taken pictures. took pictures at the Medical 


Examiner’s Office (morgue) and at Calverton. He surrendered 
three rolls of film. 


as contacted at | iw fe 
and was_requested to 
aus 


On July 24, 1996, 
the Melville, New York (NY), 
surrender film he had taken at the mor 
that he had made an arrangement with 
Suffolk County, NY, to return the film to hin. 
He refused to provide the Federal Bureau of Investigation (FBI 
the film, but suggested that should be contacted 
and Supervisory Specia SA) 
traveled to the Medical Examiner’s Office and 
and SSA et. advised that he had authorize 
oO take morgue pictures and that doing so was a — 3 
practice’ when official photographers were not available. 
We «2: asked if at™any time he had authorized any other 
individuals to take pictures, to which he responded no. 


Receipts were given to for their film 


and they were advised that they may or may not have the film - 
returned at a later date. Sade Ie “eet 


on core 


Investigation oa 7 {24/1996 at Hauppauge, New York 


File # 265A-NY- 259028 Stoo 
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It should be noted that at no time Cid CD b7C 
indicate why they had taken the unauthorized pictures. 


Continuation of FD-302 of 


265A-NY-259028 
FMF: iaw .. 
LWW hs 

gaa TH “fol investigation. was conducted by Special ‘3 
Agent (SA) Squad I-5/Long Island Resident Agency b7C 
(LIRA), on July 26, 1996: 


At 9:00 AM, the writer received a brown envelop from 
who just arrived at John F. Kennedy 


International Airport (JFKIA) from Trans World Airlines (TWA) 
The envelop was marked for 


flight 885 from Tel Aviv. 
at the Suffolk County Medical Examiner's Office (SCMEO). 
stated that he received this package from 


At 10:30 AM, the aforementioned envelop was hand 
delivered to at the SCMEO, Hauppauge, New York. 
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Case ID #: 265A-NY-259028 (Pending) 
Title: UNSUB(S); 
EXPLOSION OF TWA FLIGHT 800; 
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Synopsis: Contact with NTSB representative. 


Details: 


b7c. 


was contacted 
ing status of investigation and autopsies eing conducted 
at the Medical Examiner's Office. @QQMMMmwas also contacted 
regarding a database being put together in connection with the 
autopsy information, this will be addressed on a separate 
communication. 


G@WMMMME, acvised that the Medical Examiners at the SCMEO 
are not in receipt of any clothing worn by any of the victims. 
ould like to have the ability to review this clothing to 
correlate injuries on the bodies with the apparel they were 
wearing. 


G@UEMBMRM advised that autopsies should be completed by the bc 
middle of this coming week. After the autopsies are completed, 
the team of medical doctors at the SCMEO, which consists of the 
Medical Examiner, an FAA Medical Doctor and a Colonel from the 
Military acting in a consulting role for the NTSB will conduct a 
quality review of the data and autopsy reports generated and 
initiate a force vector analysis. The force vector analysis will 
be a review of all the damage done to the victims thus far 
recovered in an attempt to determine and plot the various 
trajectories with which debris hit the bodies. 
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W@@MMMwas advised of the interest of the FBI in being 
involved in this review. Qaim informed that this would be 
welcomed. Previous steps have been taken to have an investigator 
from the squad involved with this process. 


+ . 
i 


‘QQMMMMBas also-interested in ensuring that the seats, 
seat backs, seat cushions, etc., were all thoroughly reviewed for 
any fragments of foreign objects that may be contained within. 

recommended the utilization of an X-ray machine to conduct 
X-rays on all seat cushions, seat backs, etc., to ensure that any 
foreign objects are removed from these items. 


WH advised that foreign objects being removed by the 
medical examiners from the bodies of the victims have been 
provided to the FBI. 


Review of FD-192s discloses numerous green sheets 
reflecting foreign material being removed from victims' bodies. 
These bodies are being identified through a body number code. 
Per FD-192s, these are being stored at the hazardous material 
room at Grumman. 


If not already done so: 


Attempts should be made to identify the fragments 
removed from the bodies as to particular plane parts and areas. 
This will be particularly useful when trying to conduct 
trajectory analysis and determine the origin of forces.. 


- Identify seats recovered thus far by seat location, 


conduct X-ray of the seats to ensure that no fragments remain in 
them. 


- X-ray seat cushions recovered. Is it possible to 
match seat cushions recovered with the seats from which they 
came? Are any cushions being recovered separated. If not, when 


they are separated are they referenced to the seat from where 
they came? 


- Identify clothing recovered thus far through the body 
number. Examine this clothing for trajectory analysis, remaining 
debris, etc. 


- Assign an investigator from the task force to work 
with the medical doctors in conducting this review and 
coordinating the flow of information needed to perform and 
complete force vector analysis as described above. 
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FEDERAL BUREAU OF INVESTIGATION 


- Date of transcription l/ 3/97 


On the below date, the below listed Detectiv 
and Special Agent (SA) met with of 
Mortuary Services, New York City Medical Examiners (ME) Office, 
provided the below SA and DET. One plastic 
bag containing what has been preliminarily ideptif; as a female 676 
femur bone contained in MF case numbe also bi t 
provided copies of NYCPD reports concerning this iten. 

The following is a summary of information contained in 
the NYCPD reports which will be retained in the 1A section of 
this file: 


e (DET.) b7 Cc 


This bone was found on the beach approximately five 5) 


miles west of Montauk Point on 12/22/96 at around 4:30 PM b B7c 
transported the bone to her 
r ence in Manhattan where she soaked the bone in bleach ana 


brought the bone to the 19th 

he was interviewed by NYCPD Police 
who obtained possession of this bone 
under NYCPD Form 61 case number 19902.. This bone was 
subsequently provided to the ME’s office wherein Qa made 
the identification of the bone as being a human femur, possibly a 
female. 


NYC ME’s office was in contact with of the 
Suffolk County ME’s (SCME) office, 516-853-5555, who requested 
that the remains be provided to SCME as it’s origin may be the 
crash of TWA flight 800 on 7/17/96. 


SA QB ana per. GUE « ansported this bone to b7c 


the SCME where custody was given to SCME GN 53. - 
853~5555, 


Investigation on — 1/2/97 at 
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““- AS’ PART “OF THE CONTINUING INVESTIGATION INTO THE CAUSE OF 


> CRASH OF TWA FLIGHT 800, NEW YORK HAS “HIRED Qs 


RS 


ZCIALIZES IN CORRELATING THE INJURIES “AND/OR CAUSG OF DEATH 


VICTIMS AS THEY APPLY TO AIRCRAFT CABIN/STRUCTU ' DAMAGE. 
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KFORCE AGENTS (i UL | baie 
'ELOP GEOGRAPHICAL DISPLAYS AND ENHANCE~THE FINDINGS OF NEW 
‘ORMAT ION RECEIVED FROM: THE SUFFOLK ‘COUNTY MEDICAL 
WINER*S ‘OFFICE, AS WELL AS THE RECENT*MISSILE TESTING IN 
‘SON, ARIZONA THAT THE FBI LABORATORY EXPLOSIVES UNIT TOOK 
iT IN. 

NEW YORK ‘IS AWARE THAT ALL FOREIGN MATERIAL FOUND IN OR 
THE VICTIM BODY’ DURING ‘THE AUTOPSY WAS/WERE HIGHLY 
UTINIZED BY FBI BOMB" TECHS. “HOWEVER, IN AN EFFORT TO FULLY 
“ISFY-ACL AVENUES AS THEY RELATE"TO'THE MISSICE THEORY, NEW” 
%K-REQUESTS® ALL DOCUMENTATION AND ACTUAL SAMPLEB TAKEN FROM™ 
:SE TESTS FOR USE IN COMPARISON“TO ACTUAL FRAGMENTS FOUND IN 
ivVICTIM BODIES.” : ae 
“LT "SHOULD "BE"UNDERSTO@D “THAT THE FORENSI@’ ANALYSIS’ IN 
[S CASE~IS ONLY UBED AS AN- INVESTIGATORY TOOL"TO-EITHER 
2PORT OR"DISCQUNT A THEORY. “THEREFORE, THE BODIES ~ 
ZMGELVES: DID NOT TELL (US WHAT HAPPENED? TO “THIS“PLANE. 
~ GRRE aNd Task “FORCE AGENTS WILL “BEGIN THIS 7c 
MLYSIS THE WEEK OF “APRIL -28 THROUGH-MAY: 6 AT“THE” GRUMMAN 
SILITY' IN CALVERTON, “LONG ISLAND.~ NEWYORK WOULD APPRECIATE 
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Description of Document: ects CAVMAINED 
erty rane 7. 
Type : TELETYPE ee ; eeeh ge 


Date : 04/18/97 et 3-Go_ SE 


To > ATHENS, et al. ; 
From : NEW YORK @ 
Topic: MRI 1125/108 


Reason for Permanent Charge-cu 


INADVERTENTLY UPLOADED. 


b7C 


U.S. Departiffent of Justice 


United States Attorney 
ee Eastern District of New York 


ZWC:VC:atb er eT 
F. #9603373 eee 
VC970004.6E Brooklyn, New York 11201 


April 7, 1997 


b7e 


Special Agent 

Federal Bureau of Investigation 
26 Federal Plaza 

New York, NY 10278 


Re: Investigation Before the Regular Friday 
Grand Jury Impanelled on July 1, 1996 


Dear Special Agent Qa B77 


Pursuant to Rule 6(e) of the Federal Rules of Criminal 
Procedure, I have written a letter dated April 7, 1997 to Chief 
Judge Sifton of the United States District Court for the Eastern 
District of New York, notifying him to whom I may be disclosing 
grand jury matters in the above-referenced investigation. 


I am obligated by Rule 6 to advise you, and those to 
whom I have addressed a copy of this letter, as a potential 
recipient of grand jury information, of the secrecy obligations 
imposed by that provision. Rule 6(e) provides in relevant part: 


6(e)(2) General Rule of Secrecy.... 
(A)n attorney for the government, 
or any person to whom disclosure is 
made under paragraph (3)(A)(ii) of 
this subdivision shall not disclose 
matters occurring before the grand 
jury, except as otherwise provided 
for in these rules. 


265A-NY-259028-SuB FF 


6(e)(3) Exceptions. 

(A) Disclosure atherwise prohibited 
by. this rule of matters occurring 
before the grand” jury, other than 
its deliberations and the vote of 
any grand juror, may be made to.... 


~! 


(ii) such government personnel.. 
as are deemed necessary by an 
attorney for the government to 
assist an attorney for the 
government in the performance of 
such attorney’s duty to enforce 
federal criminal law. 


(B) Any person to whom matters are 
disclosed under subparagraph (A)(ii) of 
this paragraph shall not utilize that 
grand jury material for any purpose 
other than assisting the attorney for 
the government in the performance of 
such attorney’s duty to enforce federal 
criminal law. 


Thus, grand jury matters disclosed to you in 
conjunction with your participation in this investigation should 
not be revealed to or discussed with anyone but an attorney for 
the government and the members of your agency receiving a copy of 
this letter. I£ you feel that such grand jury matters should be 
disclosed to additional individuals, please discuss this with me 
before making any such disclosure. 


Very truly yours, 


ZACHARY W. CARTER 
United States Attorney 


By: NaQen : 


Valerie Caprorti 
Assistant U.S. Attorney 
(718) 254-6336 
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FEDERAL BUREAU OF INVESTIGATION 


Date of transcription «=== s 5/2/97 


On the below date, Special agent Ce New \-y 
York Office of the Federal Bureau of Investigation, with 
SEE. Suffolk County Medical Examiner’s Office (MEO), 
Hauppauge, New York, telephone number (516)853-5555. With the 
eae 


authorization of provided the MEO x-ray 
records for the following MEO cases: 


All TWA Flight 800 Victims. 


The above records were provided for official purposes 


in connection with the investigation involving TWA Flight 800 on 
T/1LI/96. 


The above records are to be returned to the MEO at the 
earliest possible time. 


rategbeitsn on _ 9/1/97 at Hauppauge,New Yorks 
File # 265A-NY-259028 SUBS FD302 AND FF3 Date dicted §/2/97 . 
by SS :<2) ee fe b7 
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44° 7P 


U.S. Department of Justice 


Federal Bureau of Investigation 


be 26 Federal Plaza 
lnReply, lease Refer 18 New York, New York 10278 
Pile No. May 20, 1997 


bIc 


Suffolk County Medical Examiner’s Office 
Building # 487, North County Complex 
Hauppauge, NY 


ATTN: @py VIA FACSIMILE + yyy 


In connection with the official investigation 
concerning TWA flight 800, your office has previously provided 
substantial information and assistance. In continuing this 
investigation the following Medical Examiner (ME) numbers have 
been identified, however, their association with any of the 
victims has not been determined. In all of the cases the ME 
numbers are associated with partial remains and may in some cases 
not be related to this investigation. 


Your assistance in identifying any association of the 
attached list of ME numbers to the victims in this investigation 
is appreciated. 


Special agent Qi is handling this aspect of Jp ?€C 


the investigation and may be contacted at telephone numbers 516-- 
369-3313 or Your 


response may be sent to facsimile number 


AYS 


Supervisory Special Agent 
For: James K. Kallstrom 
Assistant Director In Charge 
FBI New York Office 


Attached: 1 Page 
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FEDERAL BUREAU OF INVESTIGATION 


tat : Date of cranscription | 5/20/97 


On the below date, the below listed Special Agent (SA) 
met with ii representing the Suffolk County bJC 
Medical Examiner’s Office (SCMEO), Building 487, North County 
Complex, Hauppauge, New York, 516-853-5555. SAN@EMMMMM provided 
with 3,521 color photographic slides which are the 
property of the SCMEO which had been obtained by SA AED >on. 
4/11/97. 


These slides depict the SCMEO photographs taken of the 
victims of the crash of TWA flight 800. These slides have been 
duplicated into photographs by the FBI New York Office (NYO) 
photo lab. These photographs are being maintained in a secure 


location and are being utilized in conducting a victim injur a 
analysis. Assisting in this analysis are b7? 
U.S. Army Aeromedical Researc enter, Ft. Rucker, 


Alabama: and National Transportation Safety Board 
(NTSB), W.D.C., 


These slides were maintained in the custody of SA 
GE ao the NYO photo lab while in possession of the FBI. 
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Chart 4.1 
Assigned Seats (216) 


Note: 

Seating postions depict assigned seats. Passengers may have 
changed seats during a one hour gate hold prior to departure. 

The 14 Flight Attendants, who were performing their duties throughout 
the cabin, are not depicted. 
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Chart 4.3 


Assigned Seats 
with Unrecovered Victims 


@ Unrecovered victims (9) 


wm Assigned seats (216) 


Note: 

Seating postions depict assigned seats. Passengers may have 
changed seats during a one hour gate hold prior to departure. 

The 14 Flight Attendants, who were performing their duties throughout 
the cabin, are not depicted. 
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Seats and Victims 


Recovered 
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Recovered victims (207) 


Recovered seats (420) 


Note: 

Seating postions depict assigned seats. Passengers may have 
changed seats during a one hour gate hold prior to departure. 

The 14 Flight Attendants, who were performing their duties throughout 
the cabin, are not depicted. 
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Chart 4.5 
Seats and Victims 
Not Recovered 


gq Victims not recovered (9) 


m Seats not recovered (35) 


Note: 

Seating postions depict assigned seats. Passengers may have 
changed seats during a one hour gate hold prior to departure. 

The 14 Flight Attendants, who were performing their duties throughout 
the cabin, are not depicted. 
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Chart 4.6 
Recovered Seats and 


Fire Damaged Seats 


@ Fire Damaged Seats (66) 


m Recovered seats (420) 


Note: 

Seating postions depict assigned seats. Passengers may have 
changed seats during a one hour gate hold prior to departure. 

The 14 Flight Attendants, who were performing their duties throughout 
the cabin, are not depicted. 
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Floaters/Assigned Seats 


e@ Floaters (88) 


Assigned Seats (216) 
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Seating postions depict assigned seats. Passengers may have 
changed seats during a one hour gate hold prior to departure. 

The 14 Flight Attendants, who were performing their duties throughout 
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Chart 4.19 


Injury Predominance: 
ight vs. Left 


with Floaters 


BHo e 


Right (43) 


Left (32) 
Floaters (88) 


Assigned Seats (216) 


Note: 


Seating postions depict assigned seats. Passengers may have 


changed seats during a one hour gate hold prior to . 
The 14 Flight Attendants, who were performing their duties throughout 


the cabin, are not depicted. 
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Chart 4.20 
Seat Deformation: 


Right vs. Left 


@ Fight Force Vector (191) 
@ Left Force Vector (151) 


m Recovered seats (422) 


Note: 

Seating postions depict assigned seats. Passengers may have 
changed seats during a one hour gate hold prior to departure. 

The 14 Flight Attendants, who were performing their duties throughout 
the cabin, are not depicted. 
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Right vs. Left 


Injury Predominance 
and Seat Deformation 
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Right Injury (43) 
Left Injury (32) 


Right Force Vector (191) 


Left Force Vector (151) 
Assigned Seats (216) 


Seat deformation was determined by visual observation. The 
onentation of the examination was facing forward and 
defermation was indicated by the direction in which a given 
component(s) were bent. 

Note: 

Seating postions depict assigned seats. Passengers may have 
changed seats during a one hour gate hold prior to departure. 
The 14 Flight Attendants, who were performing their duties throughout 
the cabin, are not depicted. 
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Note: 
Seating postions depict assigned seats. Passengers may have 
changed seats during a one hour gate hold prior to departure. 
The 14 Flight Attendants, who were performing their duties throughout 
the cabin, are not depicted. 
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Chart 4.24 
Seat Deformation: 
Fore vs. Aft 
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Fore Force Vector (250) 
Aft Force Vector (72) 


Recovered seats (422) 
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Seat deformation was determined by visual observation. The 
orientation of the examination was facing forward and 

defermation was indicated by the direction in which a given 
component(s) were bent. 

Note: 

Seating postions depict assigned seats. Passengers may have 
changed seats during a one hour gate hold prior to departure. 

The 14 Flight Attendants, who were performing their duties throughout 
the cabin, are not depicted. 
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Chart 4.25 
Seat Deformation: 


Up vs. Down 


@ Up Force Vector (164) 


@ Down Force Vector (157) 


mw ‘Recovered seats (422) 


Seat deformation was determined by visual observation. The 
orientation of the examination was facing forward and 

defermation was indicated by the direction in which a given 
component(s) were bent. 

Note: 

Seating postions depict assigned seats. Passengers may have 
changed seats during a one hour gate hold prior to departure. 

The 14 Flight Attendants, who were performing their duties throughout 
the cabin, are not depicted. 
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Area of Recovery and 
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m Recovered victims (207) 


Note: 
Seating postions depict assigned seats. Passengers may have 
changed seats during a one hour gate hold prior to departure. 


The 14 Flight Attendants, who were performing their duties throughout 
the cabin, are not depicted. 
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Seating postions depict assigned seats. Passengers may have 
changed seats during a one hour gate hold prior to departure. 

The 14 Flight Attendants, who were performing their duties throughout 
the cabin, are not depicted. 
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Chart 4.f 
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Note: 

Seating postions depict assigned seats. Passengers may have 
seats during a one hour gate hold prior to departure. 

The 14 Fiight Attendants, who were performing their duties throughout 

the cabin, are not depicted. 
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Note: 

Seating postions depict assigned seats. Passengers may have 
changed seats during a one hour gate hold prior to departure. 

The 14 Flight Attendants, who were performing their duties throughout 
the cabin, are not depicted. 
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Drafted By: 
Case ID #: 26SA-NY-259028-FF (Pending) 


Title: UNSUB; 
EXPLOSION OF TWA 800; 
7/17/96 

AOT-IT-EOD; 

OO: NEW YORK 


Synopsis: Notification of meeting at Boeing Corporation, 
Everett, Washington, to review status of Boeing overpressure 
analysis of B-747 center wing tank 


Details: On Thursday, February 6, 1997, the Boeing Corporation 
will hold a meeting to review the status of Boeing overpressure 
analysis of the B-747 center wing tank. The meeting agenda is as 


follows: 
Factory Visual (optional - limited 8:00-10:00 
number of. people can be accommodated) 
Official Meeting Start 10:00 
Overpressure Analysis 
Introduction/Background 1/2-1 hr 
Fuel/Air Explosion Physics 1 hr 
Multi-Cell Compartments (Varied i/2<1 hr 
Ignition locations) 
Structural Analysis Status 1 hr 


1-ADIC KALLSTROM 
1-SAC O'NEILL 
1-ASAC DOMROE 
1-SSA 
1-SSA 


bIC 
ee ee TET rast’ NED 
. BLT . 
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(06/01/1995) 


, -DERAL BU 
To: ADIC, NEW YORK From: SA 
Re: 265A-NY-259028, 08/06/1996 


TION 


SA 
New York. SA 


will attend as a representative from 
a Bureau Aircraft Accident Investigator, is 


-one -pf.two agents working in a liaison capacity with the National 


Transpertation-Safety Board (NTSB) and all of the parties 
participating in the investigation into the cause of the 
explosion and crash of TWA 800 on July 17, 1996. SAQIwill 
travel from the Phoenix Division to attend the above described 
meeting departing Phoenix late February 5 and returning on the 
evening of February 6, 1997. 


It is requested that a representative from the FBI 
Laboratory attend the above meeting consistent with previous 
meetings concerning testing conducted to determine cause of the 
explosion and crash of TWA 800 July 17, 1997. 


It is anticipated that the Boeing Corporation will 
furnish transportation to the meeting site in Everett, Washington 
from a hotel location near the Seattle-Tacoma International 
Airport. This information will be provided when it is obtained. 
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WASHINGTON, D. C. 20535 


ak a Dae. April 25, 1997 
To: _ADIC; New York. a” 4 


FBI FileNo. 265A-NY-259028 
Lab No. 61114052 S AD HK 
70207064 S AD HK 
70224039 S AD HK 
Reference: Your communications dated February 6 and 19, 1997 
Your No. 265A-NY-259028 


Re: UNSUBS; 
EXPLOSION OF TWA FLIGHT 800; 
AOT-IT-EOD 


Specimens received: February 7 and 24, 1997 _ 


Specimens received February 7, 1997 under cover of communication 
dated February 6, 1997 (70207064 S AD HK): 


Q128 One piece of splatter material (your item #MM1 CW-504 
LBL-104) 
a Q129 One piece of splatter material (your item #MM3 CW-504 
. LBL-106.72) 
Q130 One EDAges of splatter material (your item #MM4 CW-504 ER, 
ae 7 ? 
fe Q131 _ One piece of splatter material vol item #MM5 cw- 
ce 114) 
;;  265A-NY-259028-5 us Pee 
NE8 One blade it ROHL ———oee NOEHED —~ ee | i 
at ae | 
Page 1 
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TION CONTAINED 
: 1 3UHC! ASSIFIED EXCEPT 
a Furnished For Official Use Only Wilvic SHOWN OTHERWISE. 


TEC scatd ON: os Gees 
. 2%, C68 


POSE CIWS Ba SORT THE ONE TE RT eS 


a J 6 


Specimens received February 24, 1997 under cover of communication 
dated February 19, 1997 (70224039 S AD HK): 


23 One sample of fiberglass like material taken from 
floor board (your item #57-1) 


K4 One sample of foam like material taken from floor 
board (your item #57-2) 


KS One sample of fiberglass like material taken from air 
duct (your item #59-1) 


K6 One sample of foam like material taken from air duct 
(your item #59-2) 


K7 One sample of fiberglass like material taken from air 
duct (your item #61-1) 


K8 One sample of foam like material taken from air duct 
(your item #61-2) 


Results of Examination: 


GENERAL INFORMATION: 


This report provides the results of examinations 
conducted in the Chemistry Unit on specimens Q110 - Q116, Q128 - 
Q131, K3 - K8. 


For a complete listing of specimens and the results of 
previous examinations please refer to previous report dated 
3/26/97 (Lab. #60723031 S AD AR, 60730006 S AD RU, 60730007 S AD 
RU, 60806002 S AD ZG, 60909001 S AD AR RU, 61118011 S AD HJ, 
61127057 S AD HK, 60727032 S AD AR, 60728031 S AD AR, 60804032 S 
AD AR, 60817031 S AD AR,60818061 S AD AR, 60830005 S AD AR, 
60912038 S AD AR, 61007055 S AD AR). 


Examinations are continuing on Q25 - Q81 and Q109 in 
the Special Photography Unit. You will be advised of the results 
of these examinations in a separate report. 
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CHEMICAL ANALYSES: 


Specimens Q110 - Q116 were examined microscopically. 
Red material and amber material from specimen Q110 and red 
_material from specimen Q111 were further examined instrumentally, 
including Fourier Transform Infrared Spectroscopy, Pyrolysis-Gas 


ay Chromatogra Mass Spectrome Fees ing Electron ue eS 
os Microscopy The materials from bi 
. Q110 and Q111 are consistent wi a chlorinated, polymeric 


material, commonly used as a contact adhesive. Based upon the 
comparison examinations conducted, with noted differences, 
specimens Q110 - Q116 are consistent with a common origin. 


Specimens Q128 - Q131 (FBI Laboratory #70207064) and 
specimens K3 - K8 (FBI Laboratory #70224039) were examined 
microscopically. Specimens Q128 - Q131 and specimens Ké and K8 
were further examined instrumentally with Pyrolysis-Gas 
Chromatography/Mass Spectrometry and Fourier Transform Infrared 
Spectroscopy. Based upon the comparison examinations conducted, 
specimens Q128 - Q131 are consistent with having originated from 
the sources represented by K6 and K8, or a similar source. 


Specimens K3, K5, K6 and K7 (70224039) ostensibly 
represent construction products that utilize fiber glass fabrics. 
These fabrics generally consist of woven and non-woven bundles of 
continuous-filament glass fibers. Specimens Q128 - Q131 
(70207064) also contain continuous-filament glass fibers, but 
they cannot be specifically associated with specimens K3, K5, Ké6 
ie and K7. .The small size, limited amounts, and the altered and 
ae adulterated nature of specimens Q128 - Q131 preclude any further 
comparison. 


DISPOSITION OF SPECIMENS: 


: The submitted specimens referenced in the above 
analyses will be returned to your office under separate cover via 
registered mail or equivalent. 
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FEDERAL BUREAU OF INVESTIGATION 


Precedence: ROUTINE bs oe Date: 12/08/1997 


wt To: New York... ... = Attm: ADIC JAMES KALLSTROM 
SAC JOHN O'NEILL 
ASAC PASQUALE DAMURO 
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From: New York 
FBI Command Post, Calverton, New York 


Contact: SA 


Approved By: QI Sse 
Drafted by: (i 


~ Case ID #: 265A-NY-259028 (Pending) 


a Title: UNSUB(S) ; 

: EXPLOSION OF TWA 800; 
7/17/96 
AOT-IT-EOD; 
00: NEW YORK 


Synopsis: Incorporates the 185 items of 1B evidence submitted 
for laboratory analysis in the investigation of TWA Flight 800 
into the case file. , 


ae ' Enclosures: Enclosed are folders documenting the identification, 

7 movement and analytical results of 185 items of 1B evidence 

e submitted for laboratory analysis. 
Details: A total of 185 items (items #1-#185}) of 1B evidence Te 
were submitted for metallurgical and chemical analysis during the 


course of the investigation. The 1B numbers assigned to the 185 
items of evidence submitted for analysis range from 1B9, the 
first item of evidence, through 1B 586 for items 184 and 185. 

The laboratories that examined the 185 items of 1B ; 
evidence include FBI, NTSB, Brookhaven, DIA and Boeing. 

Each enclosed folder for the 185 items of 1B evidence 
submitted for laboratory analysis contains photographs, 
electronic communications documenting the movement of the 
evidence, laboratory results and the FD-192 (green sheet). 

Each folder provides a complete history of each item of 
evidence and should be made a permanent part of the case file 
265A-NY-259028. 


o¢ 


Ny 


(06/01/1995) S @ 


FEDERAL BUREAU OF INVESTIGATION 
To: NEW YORK From: NEW YORK 
Re; 265A-NY-259028, 08/10/1996 us 


? 
C 
+ 
dg 
L 


abd be es as ash 


| @ ror BUREAU OF INVESTIGAMON . 
FOPA > 
DELETED PAGE INFORMATION SHEET 


7 Page(s) withheld entirely at this location in the file. One or more of the following statements, where indicated, 


4 


QO 


~- 


explain this deletion. 


O Deletions were made pursuant to the exemptions indicated below with no. segregable material available for 
" * felease to you. . 


Section 552 a Section 552a 
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for review and direct response to you. 


Pages contain information furnished by another Government agency(ies). You will be advised by the FBI as 
to the releasability of this information following our consultation with the other agency(ies). 


Page(s) withheld inasmuch as a final release determination has not been made. You will be advised as to the 
disposition at a later date. 
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_ 


Page(s) withheld for the following reason(s): 
—_—— eee 


nee 


wf 


The following number is to be used for reference regarding these pages: , 
- - 25 1028 - ‘0 | 


xX 

X Deleted Page(s) xX 
X No Duplication Fee X 
X for this page x 
XXXXXXXXXXXXXXKX 


PP ww Pee eRe ae penaeg FET ge Te 


FEDERAL BUREAU OF INVESTIGATION 
FREEDOM OF INFORMATION/PRIVACY ACTS SECTION 


COVER SHEET 


SUBJECT: _TWA_ FLIGHT 800 | 


RADAR DATA 


(1231-1995) 


FEDERAL BUREAU OF INVESTIGATION 


Precedence: ROUTINE Date: 03/14/1997 


To: New York 


From: SA ee ee 


I-46 


‘Approved By: Qi 


Drafted By: 
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Title: UNSUB(S); 
Explosion of TWA Flight 800; 
AOT-IT; 
Synopsis: Opening of subfiles NN - Radar Information; 00 - 
Satellite Information; and PP - Air Traffic Controller Audio 
Information. 
Details: Writer requests the following subfiles be opened. 
NN - Radar Information . how sfealar 
OO - Satellite Information 


PP - Air Traffic Controller Audio Information 
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Texas Instruments Incorporated 


fix Post Office Box 655474 
sa TEXAS Dallas, Texas 75265 
INSTRUM ENTS 13500 North Centrat Expressway 


Dallas, Texas 75243 
(214) 995-2011 


Direct Dial 
(972) 995-5067 


May 19, 1997 


VIA AIRBORNE EXPRESS 


bic 


‘Ypecial Agent 

Federal Bureau of Investigation 
Department of Justice 

26 Federal Plaza i 
New York, NY 10278 


Re: Airport Surveillance Radar Systems (ASR-8); TWO Flight 800 


by7 eu mmm 


We have been able to recover from Storage the enclosed booklet entitled “A Brief Description of 
the ASR-8 Airport Surveillance Radar,” published in August 1976 by the Equipment Group, 
Texas Instruments Incorporated. 


[hope it is helpful to you. 


Very truly yours, 


Corporate Staff 
and General Litigation Counsel 


| ae 


Enclosure as noted _ 
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A BRIEF DESCRIPTION OF ~ 
THE ASR-8 
AIRPORT SURVEILLANCE RADAR 


SECTION I 
INTRODUCTION 


ot, 


The ASR-8 is a modular, solid-state, dual-channel, dual-beam/frequency diversity, S-band 
surveillance radar designed to meet the requirements of the Federal Aviation Administration for 
safe, efficient control of air traffic in the terminal area. It uses the latest state-of-the-art design 
and technology to improve not only the operational capability but also the reliability and 
maintainability of the system. Some of the new features are: 

Performance 


Increased range with frequency diversity, high-power klystron transmitter, and new 
low-noise receiver ; 


Improved MTI with crystal-stable coherent design, quadrature MTI, and 10-bit 
processing 


Improved clutter rejection with dual-beam antenna, improved circular polarization, 
reduced sidelobes, and increased range resolution 


Improved weather operation with new wide-dynamic-range digital log processing 
Operational 


Improved display target quality with quadrature MTI, frequency diversity, new digital 
sweep integrator, and matched remoting system 


Clutter-free display with dual-beam antenna and improved log receivers 


Field-programmable range azimuth gate optimization of radar parameters for clean 
display 


Reliability and Maintenance 

Dual-drive pedestal 

Modular solid-state fail-soft klystron transmitter 

JAN-type integrated circuits and transistors 

Maximum use of printed circuit board replaceable modules 

Rapid change out of antenna bearings and gears“with antenna in place © ae 
All-solid-state, low-noise parametric amplifier with 200-MHz. bandwidth to eliminate 

field tuning. ie 
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In addition to improving operation, reliability, and maintenance, ‘hehe are other factors” 
which make the ASR- 8 the Se choice i in terminal, airport surveillance radar. ‘These are: . 


BE ght a 


Equipment i is currently | in ong-terin’ production; ine 


-a high degree of commonality , from configuration” to” c 
surveillance radar, ASR-8, uses the newly available . tech olo: 


SECTION II 
ASR-S SYSTEM DESCRIPTION 


The ASR-8 airport surveillance radar is designed to meet the requirements of FAA 
Specification FAA-E-2506. The system is completely dual-channel except for the antenna 
assembly and some portions of the power distribution equipment. The ASR-8 system equipment 
is divided into three groups: the antenna group. the transmitter building group. and the display 
site group. The transmitter building group and the antenna group are located at the radar head 
site. The display site group is located at the indicator site or ATC room (typically the airport 
terminal building). In normal operation. it is operated unattended, remotely controlled from the 
display (indicator) site, with periodic checks by maintenance personnel. A photograph of a 
typical ASR-8 radar head site is shown in Figure 2-1. 


This section briefly describes the overall ASR-8 system and summarizes its characteristics. 
More detailed descriptions of the individual radar units are given in Section II]. 


A. RADAR HEAD SITE 


As stated above, a-standard ASR-§& system installation includes equipment at both the 
transmitter (radar head) site and the display (indicator) site and is shown in block diagram form 
in Figure 2-2. The transmitter site, in Figure 2-3. includes the antenna group and the transmitter 
building group. The antenna group includes the antenna and its associated equipment outside the 


Figure 2-1. Radar Head Site 
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Figure 2-3. Illustration of the ASR-8 Radar Head Site 


Equipment Group 


transmitter building. The antenna tower is not a part of the ASR-8 antenna group. The .. 


transmitter building group consists of two transmitters, two receivers, two processors, the power 
distribution and control equipment, and miscellaneous support equipment. The transmitter 
building group units are housed in a transportable building and are arranged as shown in 
Figure 2-3. The display site equipment, which is part of the standard ASR-8 system, includes the 


display site cable junction box, display -site unit, ‘a’ system’ control: panel,’ and 


intercommunications stations. The transmitter site, group and. the display site. group may. be 
connected by means of land lines up to a maximu of 6,100 meters long. For gr istances, 
a radar microwave link should be ‘used. | ’ a 


Kew wee tyes 


All of the ASR-8 equipment is fully redundant except for the anterina 
identical radar channels are connected to the ‘antenna throu 
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To achieve even higher reliability than that of the ASR-7, Texas Instruments has 


incorporated new features into the ASR-8 such as dual-drive’ pedestal, longclife klystron 


‘transmitter tube, solid-state RF driver, modular solid-state fail-soft modulator, ‘solid-state ~~ 


parametric amplifier, and passive :TR/limiter for receiver protection. In addition to this, Texas a 
Instruments maintains a rigid reliability, quality assurance, and ‘inspection testing program. to - - 
ensure the highest standards of manufacturing. The ASR-8 has a design operational lifetime of . 
20 years. This equipment lifetime is further demonstrated by the Texas Instruments ASR-4-: 
which has been in the field over 15 years, and is still in operation. Since the ASR-8 now uses — 


solid-state design, long useful life is even more certain. The system is designed to operate under 


the most severe environmental conditions found in all parts of the world, ‘including extreme cold, 
extreme heat and humidity, salt air, and high winds. a Se ee 


All ASR-8 cabinets are design. 


The transmitter cabinet is forced-air-cooled 
_fadio-frequency-interference (RFD tight. The above-m 
nonferrous material except for 300 Series stainless steel. | 


The antenna group consists. of. 4 reflector, 
dual-drive train assembly. The “antenna system 
withstanding adverse weather ,and environmen 
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Figure 2-4, ASR-8 Antenna 


The antenna, similar in concept to the ASR-7. has a new mechanical design for improved 
performance. The new mechanical design uses interlocking vertical and horizontal plates 
fabricated by computer-controlled machines to achieve excellent contour accuracy. This 
accuracy, combined with a new surface contour and feedhorn design, results in lower sidelobes, 


improved circular polarization. and sharper ground-side cut-off. The antenna is shown in 
Figure 2-4, 


The ASR-8 antenna is a dual-beam design having both a normal and a passive channel that 
are provided with switchable linear and circular polarization. Its cosecant-squared elevation 
pattern provides a constant radiation altitude coverage up to 30 degrees above peak of beam: The 
passive receive-only feedhom is tilted upward relative to the normal beam to reduce interference 
from ground clutter at short range. 


The antenna is driven by dual-redundant. drive motors to provide the maximum in 
maintainability and reliability. In case of failure, either motor is capable of driving the antenna 
by itself. the defective motor is disconnected from the common drive gear by an electric clutch. 
Both drive train assemblies are located below the pedestal for maintenance accessibility from the 
mezzanine platform. The main bearing and gear are also easily removed from above the pedestal 


using a hoist provided for the purpose afid without the necessity for removing the antenna from _ 


the pedestal. ; 
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A five-channel rotary joint is included in the pedestal, with three S-band channels and two 
L-band channels. Attached to the bottom of the rotary joint are dual azimuth pulse generator 
(APG) units. The two APG units are identical, with one being driven directly by the rotary joint 
and the other through a single gear mesh. Either APG can be removed without disrupting the 
operation of the other, thus requiring only a short shutdown pened for removal and 
replacement. 2a ras eee 


Z: Tesnemilter: a 


The ASR-8 éransmittee showA. in Y Pius. includes an aineadied klystron, s 
modularized modulator, and a solid-state high-voltage power supply. The transmitter unit is 
totally solid state except for the klystron: tube. The ‘modularized modulator has 12 parallel 
plug-in switching modules which replace » the conventional thyra ron high-voltage : “switch. ‘The- 
air-cooled klystron transmitter provides increased performance 
improved spectrum control; operational advantages are_ “fully, erent MTI and an increase in’ 
reliability and maintainability due to the long life of the. Klystron ‘tube (average opine life of: 
tubes of similar design has exceeded 25, 000 hours) 


3. Receiver ; 


The receiver unit, shown i in + Figuie 26, processes both norifal” ‘and passive. channel’ ‘S-band 
radar signals from the antenna and converts them into intermediate frequency signals, providing 
normal video, log video, and MTI video signals to the processor unit. The receiver also provides 
stable local oscillator (STALO) and thé exciter output signals to control the transmitted and’: 
received signal frequency. = 


Some of the features of the ASR-8 receiver which have improved system performance are a . 
new broadband solid-state parametric amplifier and quadrature MTI channel. The: _ parametric os 
amplifier, with a Gunn diode pump source, has a noise figure of less than. 1.25 dB, a gain greater | 
than 15 dB, and instantaneous bandwidth of 200 MHz which totally eliminates field tuning the’ 
assembly over the 2.7- to 2.9-GHz band. The new quadrature MTI channel, in conjunction with. 
the in-phase MTI channel, provides stable signals to the display and increases the MTI: 
performance 3 dB over conventional MTI receivers. Improved MTI performance _ has_also been» 
obtained through higher stability of the crystal oscillator multiplier. STALO, RF exciter,” and 
crystal oscillator (COHO) by oe use eet new state-of-the-art com 


4. ‘Digital Processor 


The ASR-8 digital processor (Figure 2-7) eoaies circuits for processing receiver videos, 
circuits for the new range/azimuth gate generator, and azimuth pulse-generator (APG) and video : 
cable-line drivers, as well as o radar Hming and onto! circuits - , 


In- -phase. “and due. MT ideo. signal re proces 
feedback cancellers. It can also be selectively ° Processed by'‘a LO.bit digital log/FTC ntilo 
Normal video- and normal digital. log/FTC antilog: video": are “al: St 
realigned for constant PRF viewing on the display. ‘Video’ sweep integration is provid 
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ASR-8 Transmitter Unit 


Figure 2-5. 
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Figure 2-6. ASR-8 Receiver Unit 
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Figure 2-7. ASR-8 Processor Unit 
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Each of the cascaded digital cancellers provides four modes of feedback for reduction of 
Clutter residue. The synchronizer provides four staggered triggers to the transmitter for staggered 
PRF operation to eliminate blind speeds. The ASR-8 has no blind speeds below 2,000 knots. 


The range-programmable azimuth gate provides sectors and windows for automatic selection 
of normal or MTI video, high or low antenna beam, staggered or nonstaggered PRF, and two |. 
receiver gain STC curves. This permits a more complete use of the capabilities of the radar than _ 


was possible on previous ASRs; 


i 


5.” System Control Interface and Distribution 


The ASR-8 features a solid-state’ control system for radar command and ‘status indication: - 
The control system contains four control boxes as shown in Figure 2-8. Two are located on the 
Tadar site cable function box and one on the display site unit as shown in Figiires.2-9 and 2-10. 
The fourth unit is to be installed. Each control box has release and take-control circuitry to 
ensure radar command at only the selected “control ‘box. All radar command and status signals 
are held in power-protected solid-state memory, isolating the control system from short-term 
power outages. DRE : ; ay gre a 


The ASR-8 provides significant _improvement in the remoting ‘and distribution of radar 
videos. triggers, and digital azimuth information. All remoting circuits, including the line drivers, 
cable equalizers, and line compensators, are designed for optimal signal-to-noise bandwidth up to 
the input to the display and provide for wide ‘dynamic-range operation required by the new 


high-performance phosphors. The remoting system is capable of: driving landlines up to 
6,100 meters long. ae : aie 


6. Intercommunication System 


The intercom system consists of five intercom statioris: three masters and two slaves. At the =. 
radar head site, one master is located on the cable junction box (Figure 2-9) and one slave is 
located on the tower cable junction box. The other two masters and one slave are located at the 
display site. The master and slave intercom assemblies are shown in Figures 2-11 and 2-12. 


7. Maintenance Plan Position Indicator (MPPI) i “ 
A solid-state “16-inch display --is: 


“maintenance. The “display provides for 


and windows. Five selectable range positions are’ available, Nautical-mile range ‘marks 
operates d 


" The display site equipment ‘cc nsists of a display sife remote unit, two system control panels, ~ 
display site cable junction box, and intercom master and slave assembly). 7 0" 7 SEE 
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Figure 2-8. System Control Panel 


2-11 Equipment Group 


i 


4 
nS, 


erga 
SH 


ay 


So anise 


Ses seis 


x 


ee 


sachs Le ae 


Ce ee 


PANEL A2A1 


a 
a 
¢ 
a 
w 
Zz 
4 
a. 


SYSTEM CONTROL 
SYSTEM CONTROL 


“OUOOO. 
FOOD 


MAINTENANCE 


CONTROL |... 


PANEL, A2A3 


A, DOOR CLOSED 


(1061-237) 


184677 


Figure 2-9. Radar Site Cable Junction Box 
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The display site remote unit consists of a line compensator; APG pulse shaper; and 
distribution center for trigger, video, and azimuth signals. This unit is matched to the line-driving 
€quipment at the transmitter site and compensates up to 6,100 meters of remote cable. The 
distribution amplifiers provide isolated outputs and provide signal amplification to compensate 
for up to 90 meters of RG-59 coaxial cable length. 


C. PERFORMANCE CHARACTERISTICS 


The main ASR-8 radar parameters and characteristics are summarized in Table 2-1. Some of 
the most important characteristics are discussed in the following paragraphs and the range 
calculations are shown in paragraph 10. 


1. Radar Coverage 


The ASR-8 uses a combination of a 1|.4-MW peak power transmitter, high-gain 

. cosecant-squared antenna and a coherent quadrature receiver having a low-noise broadband 

* parametric amplifier to achieve the coverage shown later in Figure 2-16. The range-altitude plot is 
based on the range calculation and supporting data shown in Figure 2-15. 


2. Accuracy 


Target tracking accuracy is usually limited by the display equipment in use and the ability 
of the operator to read position on the display. The inherent accuracy of the ASR-8 in range is 
excellent because of the narrow (0.6 us) pulsewidth used corresponding to approximately 90 


meters. The inherent azimuth accuracy capability also is quite good, being set primarily by the 


azimuth encoder (which with 4096 azimuth change pulses per revolution of the antenna 
corresponds to less than 0.1 degree). 


3. Resolution 

Range resolution of the ASR-8 is ultimately limited by the pulsewidth of 0.6 US, 
corresponding to approximately 90 meters. The azimuth resolution also is quite good because of 
the use of a large azimuth aperture dimension, resulting in a beamwidth of only 1.35 degrees. 
4. Frequency 

The FAA and USAF have insisted on the use of S-band as the optimum ‘frequency to 
achieve maximum range coverage, high azimuth resolution, and high data rate with acceptable 
antenna dimensions. The ASR-8 is tunable over a 200-MHz band from 2.7 to 2.9 GHz. 
5. Data Renewal Rate 

The rotation of the ASR-8 antenna is in a clockwise direction (as viewed from above) at 


12.5 revolutions per minute with 60-Hz power. The antenna is designed to operate at these 
speeds in winds of 85 knots (43.7 meters-per second) and with 33 kilograms per square meter of 


ice on the exposed surfaces and will. operate in gusts, less ice load of more than 100 knots (52° 


meters per secand). Je 
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TABLE 2-1, RADAR CHARACTERISTICS 


Antenna Characteristics 


Aperture size 


Gain (minimum) 
Normal beam 
Passive (high) beam 

Sidelobes (maximum) 
Normal beam — 
Passive beam 

Beamwidth’-" * 
Elevation -- 
Azimuth 

VSWR 

Polarization 

Integrated cancellation ratio (minimum) 
Normal beam 
Passive beam 


Rotary joint 


Data pickoff 
Dual azimuth pulse generators 


Drive mechanism safety switch 


Tilt angle: referenced to the. lower 3 dB 
point of the normal beam 


Drive motor (dual) 


Antenna rotation rate 


Transmitter Characteristics 


Source 

Frequency 

Peak power 

Average power 
Pulsewidth 
Repetition frequency 


Cooling 

Waveguide pressurization 

Fault detection 

Modulator 

HVPS Lo : oo 
Receiver Characteristics 


Parametric amplifier 
Type . 
Noise figure 
Bandwidth “ 
Gain 


System noise figure. 


Receiver channels .- 3,00 5 0 et 


STALO 
COHO 


: 4. 8 degrees minimum at —3 dB, COSECANT to 30 0 degiees 


- 1.4 mW Fe 


. Solid-state, 250 Vde- 


o> Normal IF 
7, Log iF: 
HE crystal oscillator with multiplier (2.7 to 2. 9 GHz) a 


caer neesarmte ee watt tte mem btide Tt Re eaten ray, senna tae 
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4.9 meters (16.1 feet) azimuth by 2.7 meters 9 feet) elevation 


1.35 degrees minimum at -3 4B Point - 
1.4:1.. Ho a 
Linear vertical or r circular, remotely selectable 


22 dB (25 dB typical) . ; - me 
22 dB (24 dB. typical) .. cee Sew ie ere 


S-channel, 3 S-band and 2 Land channels, 


2 sets reference ule and 4, “096 ‘change plies 
On tower ~ 


+2.5 degrees, manually adjusted 


5.0 horsepower (each) . 
12.5 rpm (15 rpm optional) | 


VA-87E air cooled klystron oe oabe 
Tunable 2.7 to 2.9 GHz; derived from orystal STALO and COHO 


875 W nominal 
0.6 us 


4-pulse stagger with 1,040 average, or fixed (selectable from 
700 to 1,200 Pps) 


Forced air 
Freon-12 for diplexer 
Automatic recycling and shutdown sequence 


12 plug-in modules, fail-soft 


Solid-state with Gunn pump source 
1.25 dB maximum - re } 
200 MHz (2.7 to 2.9 GHz) fixed tin 
15 dB minimum 33" iy EPL oy 


MTL IF* 


30 MHz crystal 
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TABLE 2-1. RADAR CHARACTERISTICS (Continued) 


Receiver bandwidth 
Normal IF 
MTI IF 
MTI video 
Log IF 
Log IF (dynamic range) 
STC 
Minimum discernible signal (MDS) 
Normal receiver 
Log receiver 
MTI receiver 


Processor Characteristics 


MTI/Normal Channel Operating Modes 
(video alignment in all modes) 
Regular video 
Enhanced video 
Log FTC video 
Log FTC with weather background 
Enhanced Log FTC 


Enchnced Log FTC with weather background 


Number of Bits 
MTI channel 
Normal channel 
Weather channel 
Integrators (MTI] and normal) 
Storage (includes alignment) 


Sample rate 
MTI cancellers 


MTI canceller modes 
Single canceller 
Dual canceller 
Dual canceller with feedback 
(25, 30, 35, 40 dB cancellation of 
scanning clutter) 


PRF stagger 
First blind speed 
Velocity-response nulls 


Log-CFAR 
MTI 
Normal 


System MTI improvement factor 
(stagger, scanning) 


STC function generator 
Initial attenuation 
Init ial delay 
Range decay exponent 
Receiver gain attenuation 


Range azimuth gate 
Generator 
Controlled functions 


1.1 MHz 
S MHz 
585 kHz 
1.1 MHz 
80 dB 


Diode RF attenuator before parametric amplifier; 0 to 40 dB 


-110dBm 
-109 dBm 
-108 dBm 


10 


6 
97,177 


2.14 MHz 


In-phase and quadrature 


4-pulse sequence 
Greater thar, 2,150 knots 
Less than 10 dB peak to peak 


Digital, 10 bits 
Analog 


34 dB 


0 to 40 dB 
100 us 

R™! to RS 
0 to 40 dB 


Field programmable 
MTI/Normal video gating 

* Dual antenfiz beam switching 
Receiver noise.generator gating | 
Receiver test, trigger gating 
Stagger /nonstagger select 
Azimuth strobe 
STC select 
Receiver gain control 
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TABLE 2-1. RADAR CHARACTERISTICS (Continued) 
Display Site Remote Unit Characteristics iE 
Line compensator 30 dB minimum common mode rejection 
Compensates for up to 6,100 meters of coax 
Distribution amplifier 
(91 meters coax with 75-ohm termination) 
Triggers Rise time <0.1 microsecond 
Duration 1.0 to 1.§ microseconds 
Amplitude 15 volts.-s 0 ets 
Video Rise time <0.1 microsecond 
Droop (200 us pulse) <10 percent 
Amplitude 0 to 4 volts 
ACP/ARP Pulsewidth 23 23.0 microseconds Z 
Amplitude 5 +1 volt 
Power requirement 115 Vac, single phase, 50/60 Hz. 
“4, Power Supplies Redundant diode floating 
+5 Vde, +15Vde, —-15 Vdc, +24 Vdc 
Maintenance PPI Characteristics 
Operational characteristics wad het % 
CRT size 40-centimeter diameter 
Display ranges Five selectable ranges : i 
Position 1: 5 to 20 nautical miles (nmi) preset 
. Position 2: 15 to 20 nmi preset | 
Position 3: 35 to 70 nmi preset 
Position 4: 40 to 135 nmi preset 
Position 5: 190 to 275 nmi preset (beacon pretrigger required) 
Range marks 1, 2, 5, 10 nautical miles selectable 
Every fifth mark intensified 
Videos ‘ MTI ; 
Normal (MTI/normal range gate adjustable out to 60-nautical 
mile radar range) 
Beacon 
Map 
Intensity of all signals is adjustable | 
Azimuth synchronization 4,096 APC with ARP 
Triggers Radar and beacon pretrigger 
Decentering 1 radius in any direction 
Electrical characteristics , 
CRT “PT Phosphor . . ; eee - 
Range mark accuracy +0.25 nautical mile at 60 nautical miles Ee 
Sweep linearity To +2.5 millimeters for range marks Ae ete whee 8 
Azimuth accuracy +0.5 degree 
Pretrigger delay 45 to 120 us ; 
Deflection Fixed yoke magnetic 
Video bandwidth BRO ag Ges 
Video inputs Re : & 15 ohms, 8 volts peak video amplitude . - 
im . ACP, ARP inputs ~ (as Externally terminated to match dine. Five volts P-P maximum: =” 


Pretrigger inputs 
Voltage 
Power 


9 


amplitude, any width between 1 us and’ 50 percent of ACP .. 
duty cycle;-logic level or approximate: sinusoid.” : ae 


75 ohms, 5 to 70 volts peak amplitude 
102 to 138 volts, single phase, 47 to 470 Hz 
250 watts 
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6. Environmental Operating Envelope 


The ASR-8 is designed to operate in the following environmental conditions: 


Ambient temperature —10° to +52°C 
(except antennas and 
its associated equipment) 


Ambient temperature —50° to +70°C 
(antenna assembly and 
its associated equipment) 


Ambient relative humidity Up to 100 percent including condensation 
because of temperature change 
Normal ac line voltage 105- to 130-volt (single-phase) or 105- to 
130-volt line-to-neutral, and 182- to 
'. 226-volt line-to-line, three-phase 


(can be supplied to operate with 
any input line voltage) 


AC line frequency 50 or 60 +2 Hz 


Elevation 0 to 3,048 meters (10,000 feet) above sea level 
Duty Continuous, unattended 
Salt atmosphere As encountered in coastal regions 
Winds 
Operating with |%-inch 85 knots 
ice thickness on exposed 
surface 
Nonoperating with 14-inch 130 knots 
ice thickness on exposed 
surface 


7. Clutter Elimination 


One of the most important features of the ASR-8 is its ability to virtually eliminate clutter 
from the radar display and to detect targets in extreme clutter environments. This performance is 
achieved by the improved MTJ performance and by using a digital dual-MTI canceller system. 
The improved MTI performance is due to the coherent klystron transmitter and state-of-the-art 
components such as the crystal oscillator multiplier (STALO), RF exciter, 30-MHz COHO, and 
quadrature receiver. When operating as a master oscillator power amplifier (MOPA) system, the 
transmitter signal is the amplified sum of the crystal STALO and crystal COHO signals. This 
crystal stability essentially eliminates transmitter frequency instabilities, resulting in exceptional 

-. MTI_ performance. In addition, the. transmitter-power supply and. modulatar_ components are 
designed for high stability to avoid degrading the inherent signal stability. 
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The digital dual-MTI canceller system is used to maintain good response on targets with low 
radial velocities. Digital processing eliminates degradation of performance (as occurs in analog 
systems) caused by thermal drift, unequal gain and bandwidth properties, and component aging. 


In the ASR-8, careful attention is given to ensuring a high degree of system stability. The 
crystal SFALO is shock-mounted for isolation against mechanical vibration and uses special 
voltage regulation. Careful layout and shielding are used to avoid picking up spurious signals. 
Receiver circuits are designed to preclude the effects of high-signal-level saturation, including the 
use of a diode RF attenuator ahead of the parametric amplifier. Other specific examples of 
design features ensuring more than 34 dB improvement factor with the antenna rotating are as 
follows. 


The klystron output tube is operated into a ferrite circulator which provides in excess of 
25-dB isolation between the klystron and the variable load represented by the rotating antenna. 
This feature precludes frequency and amplitude instabilities which could otherwise exist. Further, 

__the klystron modulator includes an automatic voltage regulation circuit which ensures that the 
“PEN is charged and settled at the same level before triggering the beam-voltage pulse into the 
klystron. 


A highly stable crystal STALO is used to ensure excellent short-term frequency Stability for 
a high level of MTI performance. Load isolators are also used in the outputs of the STALO to 
ensure sufficient isolation from load variations. The STALO is shock-mounted to isolate it from 
mechanical vibrations and is acoustically isolated as well. 


The COHO uses an ultrastable crystal oscillator circuit mounted in a temperature-stabilized 
enclosure and is foam-encapsulated to avoid effects of vibration. 


The digital canceller system is operated from clock pulses which are derived by counting 
down the 30-MHz crystal COHO signal. This ensures that cancellation is performed coherently 
with the actual transmitted pulse, eliminating the pulse-to-pulse jitter. Also radar timing triggers 
are generated from the crystal COHO oscillator reference for additional stability. 


8. Weather Rejection 


Since the ASR-8 must operate under all environmental conditions and is needed most 
- critically when weather conditions are worst, it is designed to provide a high degree of weather 
(precipitation) rejection. Specific features are discussed in the following subsections. 


a. High Resolution 


The best way to reject precipitation returns is to avoid them by using a high-resolution 
(small clutter cell size) system. The combination of 1.35-degree beamwidth and 0.6-microsecond 
pulsewidth keeps the clutter cell size to the minimum possible value consistent with MTI, data 
rate, and peak power restrictions. 


b. Dual Feedback Canceller .. = = : ore 


The dual ‘feedback canceller with feedback can be’set to provide the best filter response for 
cancellation of weather clutter. — 
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Cc. Circular Polarization 


The ASR-8 antenna has operator-selectable circular polarization to reject precipitation 
returns, A new high-quality Polarizer, in conjunction with a computer-aided-designed reflector, 
ensures the best possible performance. Integrated cancellation ratio values for ASR-8 antennas 


are specified at 22 dB minimum and the production reflectors to date have produced a minimum 
of 24 dB. 


d. Log- FIC 


Both the MY? and normal receiver channels have a new type of digital log-FTC-antilog 
System which reduces all weather clutter to receiver noise level, without the large degradation in 
Signal strength ‘vbich chatucterized older log-FTC systems. By preventing weather clutter froin 
saturating the display. targets which are greater than the clutter can now be displayed. 


; 2 Interference Rejection 


The ASR-8 is designed to maximize the received signal-energy to noise-power-per-cycle ratio 
to reduce the vulnerability of the system to outside interference. This includes proper filtering, 
good shielding, and the use of effective techniques and devices for interference rejection and 
signal-to-noise improvement. Specified features included in the ASR-8 to reject interference are: 


Narrowband diplexer 
Preselector filter 

Sensitivity time control (STC) 
Range-azimuth gate 
Log-CFAR (log-F TC-antilog) 
PRF stagger 

Video integrator 

RFI shielding. 


The ASR-8 preselector filter is tunable from 2700 to 2900 MHz and has a bandwidth Gf 
8 MHz at the 3-dB points. The filter attenuation to signals 60 MHz from the center of the 
passband is at least 60 dB and is at least 70 dB for signals 100 MHz from thé center of the 
passband. In addition, the diplexer filter is approximately 20 MHz wide, and has 60-dB or greater 
rejection of signals 60 MHz from the center frequency. 


The receiver includes a solid-state RF attenuator ahead of the parametric amplifier which 
uses both fixed-gain settings and digital STC to keep large signals from Causing saturation and the 
creation of spurious signals. The normal and MTI log-FTC circuits will reduce large blocks of 
clutter and noise-like interference to receiver noise level. 


The digital enhancers in the normal and MTI channels essentially eliminate nonsynchronous_:-. 
interference. Because of the specific design used, any-signal that does not occur in the same ~ 


range bin trom pulse to pulse cannot achieve an Output level greater than receiver noise. 
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10. Range Calculations 


Radar range coverage for the ASR-8 is calculated later in Figure 2-15 and plotted in’ 


Figure 2-16. Range calculation is based on the following rationale and made in accordance with 
the NRL report 6930 method by L.V. Blake.! 


a. Peak Power 
_ The peak power of 1 MW is referenced to the diplexer output rather than the klystron 

Output and is measured at the test coupler on the antenna side. One megawatt measured at this 
point is the specified minimum operating power level. 
b. = Pulsewidth 

The pulsewidth is specified to be 0.6 +0.05 ps. 
c. Antenna Gain 

The specified minimum antenna gain is 33.5 dB. Production antennas typically exceed the 


minimum a few tenths of a decibel. An assumed gain of 33.8 dB is considered an average of 
typical production antennas. 


d.__ Target Size 

The target specified for calculation purposes is a Swerling case I fluctuating 1 m?. 
e. Midband Frequency 

Midband frequency of 2800 MHz is assumed. 
f Noise Temperature 

The total receiver system noise temperature consists of three main parts: the antenna noise 
temperature, equivalent noise temperature of the transmission line losses, and input noise figure 
of the receiver. Using the approach of Blake, where all values are referenced to the output 


terminals of the receiver, the system noise temperature is given by 


T,=1T, +7, +L, T, 


where 
T, = system noise temperature, °K 
T, = antenna noise temperature, °K 
T, = effective noise temperature of the transmission line losses; L, 
~~ —L. = ohmic losses of: transmission line separating antenna and receiver-- ~ 
'. T, = input noise temperature of the receiver, °K. ; oy 


‘LV. Blake, A Guide to Basic Pulse-Radar Maximum-Range Calculation, Naval Research Laboratory Report 6930, AD 701321 
(23 December 1969). ; 
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Antenna temperature relates to the noise power received by the antenna from sources such 
as blackbody radiation from the earth, atmospheric radiation, and emissions from extraterrestial 


sources, Using the technique described in the referenced Blake report,:the antenna noise--°* 


temperature is 
T, = (0.876 T,! — 254)/1., + 290 


where 


T,’ = noise temperature for lossless idealized antenna 


b 


i 
e 
ul 


antenna ohmic losses = 0.2 dB for proposed antenna 
(including feedhorn and polarizer). 


For a 2.5-degree point angle, this results in 
T, = (0.876 X 38 — 254)/1.05 + 290 
or 


T, = 79.7°K or 80°K 


This number compares favorably with values which have been measured on ASR-8 antennas. The 
measurement is difficult to make accurately since the antenna temperature is only 10 to 15 
percent of the total system temperature and must be determined by taking the difference of two 
numbers which are of similar value. A noise temperature value of 80°K is considered reasonable. 
For example, an antenna of reasonably high directivity when pointed directly into space 
(vertically) will have a noise temperature of typically between 15° and 50°K. As the beam is 
lowered to within 10 to 20 degrees of horizontal, the noise temperature begins to increase 
rapidly. With the 3-dB beam nearly horizontal, the temperature will be on the order of 70° to 
100°K. Finally, if pointed directly at the earth, it will nearly assume earth temperature of 
270°K. 


The effective noise temperature of the ohmic loses of the waveguide between the antenna 
polarizer output port and the receiver input is given by 


yan Pe (ea 


where 


T,, = transmission line thermal temperature 


(considered to be the standard 290°K) 


L, = ohmic loses, ratio greater than unit. 


tr 


The losses associated with the ASR-8 waveguide, from the parametric amplifier Ups the tower and 
to the antenna, are shown in Figure 2-14 and are: 


P Rotary joint 0.06 
Tower waveguide i 0.4 : 
Diplexer 0.33 — me 
Building waveguide 0.13 cea 


ee 
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ANTENNA ROTARY WAVEGUIDE - DIPLEXE 
JOINT (8 METER TOWER A 
tL, :-=0.2 OB Ly, = 0.06 0B L, = 0.40 0B L, = 0.33 Da 


BUILDING WAVEGUIDE 
WAVEGUIDE SWITCH CIRCULATOR TUBE 


Lg = 0.45 bB Lig = 0.26 DB 


BEAM PARAMETRIC “+ PRESELECTOR 
SWITCH AMPLIFIER FILTER 
Ly, 7 0-52 0B Ly, = 0.47 be Spa = 15 DB Ly4 = 0.708 
; NFoa = 1.25 8B MAX, 
i 1.15 dB TYPICAL 
6 INCHES MATCHED NF 1.0 8 
COAX CABLE 
Low PASS PARAMETRIC BALANCED PRE- 
FILTER AMPLIFIER MIXER AMPLIFIER 
TO MIXER 
L = 0.1 DB == 
16 


. NFa; = 5.5 DB 


Figure 2-14. System Noise Figure Loss Budget 


Waveguide switch 0.05 

Circulator 0.45 : 

TR-limiter 0.26 

PIN attenuator 0.52 

Beam switch 0.47 

Total loses 2.67 dB (1.85 ratio). 


Based on this loss value, the effective noise temperature is 


T, = 290 (1.85 — 1) 


246°K 


The loss budget shown above is considered to be very close to the actual value that is realized in 
the field. 


The effective input noise temperature of the receiver, T,, is given by 


&. STS TNE S 2 1 2k a Me . 
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i 
where T, is by convention 290°K and the receiver input noise factor with the parametric 
amplifier installed in the system is given by 


NF, — | 
+ ere? 


pa 
where 
NFi, = receiver input noise factor, measured at parametric amplifier input 
NF,, = noise factor of parametric amplifier alone = 1.25 dB (1.33 ratio) 


NF, = noise factor of receiver circuitry following parametric amplifier 
(preselector filter L14, low-pass filter L15, coaxial cable L16, 
and the mixer and IF preamplifier NF,, ) 
= 0.7 + 0.2 + 0.1 + 5.5 = 6.5 dB (4.467 ratio) 
- G,, = parametric amplifier gain = 15 dB (31.62 power ratio). 


Using the above figures, this gives 


ee 2444 GACT SY) 
in ; 31.62 


1.44 (1.58 dB) 


which gives the receiver input noise temperature of 
T. = T, (NF, — 1) 
T. = 290 (1.44 — 1) = 127.6°K 


therefore, 


I 


L,T. = (1.85)(127.6) = 236°K, 


With the three factors of antenna temperature, line-loss temperature, and. receiver noise 
temperature known, the system noise temperature can be determined. Using the values discussed 
above, the ASR-8 system noise temperature is 


De ee 
= 80 + 246 + 236 
= 562°K 


g. Visibility Factor : 

; The visibility factor is the per-pulse _signal-to-noise ratio’ required in-the—-IE amplifier to 
achieve the desired probability of detection. The valués for visibility factor for 80-percent 
probability were interpolated from values taken from Figurés 6d and 6e of the Blake report, for 


a ee ee ee 
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75- and 90-percent probability, respectively. These figures are for a Swerling case I fluctuating 
target, using 10° false-alarm probability and 19 hits per scan: 


Probability of Detection Visibility Factor 
75 percent 7.3 dB 
90 percent 11.6 dB 


Interpolating for 80 percent gives a required visibility factor of 8.7 dB. 


h. Diversity Gain Factor 


Operation of: a pulsed radar system in dual-frequency diversity yields significant 
improvement in the visibility factor. The probability of detecting a fluctuating target in the 
presence of noise with a conventional pulsed radar has been presented in considerable detail by 

_ Swerling.? Also, the theoretical diversity gain factor has been calculated by Leger.? The works of 
Both of these authors indicate that the probability-of-detection curves of Swerling can be used 
directly to determine the diversity gain factor. The diversity gain factor determined via this 
method and used in the calculation is 4.8 dB. 


i. Matching Loss 


The matching toss refers to the decrease in IF signal-to-noise ratio caused by not having an 
IF response which truly matches the transmitter pulse. The ASR-8 normal and MTI IF amplifier 
modules have been optimized for the 0.6-us transmitted pulse. Although the ASR-8 has a 


matched bandpass receiver design, a conservative matching loss of 0.10 dB is used to compensate 
for production tolerances, etc. , 


j. Transmitter Losses 


Transmitter line losses are measured from the klystron flange to the input to the antenna 
terminals. These are given in Figure 2-15 for channel B as: 


Rotary joint 0.06 
Tower waveguide 0.40 
Diplexer 0.33 
Building waveguide 0.13 
Waveguide switch 0.05 
Circulator 0.45 
Total 1.42 dB 


k. Pattern Loss 


The pattern loss refers to the teduction in integrated: signal-to-noise ratio which océurs 
-because all received pulses are not of full amplitude, This results from the pulse train modulation 


7p, Swerling, “Probability of Detection for Fluctuating Targets,” Rand Research Memo, RM-1217, 17 March 1954, Republished 
in IRE Transaction on Information Theory, 1T-6, No. 2 (April 1960) p. 269. ae 


J. Leger, “Surveillance Radar, Theoretical Study of Frequency Diversity,’ Revue Technique C.F.T.H., No. 39, Paris 
(December 1963). : 
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PULSE-RADAR RANGE-CALCULATION WORK SHEET 
Based on Eq. (13) 


1. Compute the system input noise temperature T,, following the outline in section A below. 
2. Enter range factors known in other than decibel form in section B below, for reference. 


12. 


13. 


14. 


Fj ay Tg WG Te Pe caw) 1000 10 For Prcuw) 
be 10 log r.. 
(a) Compute T,. a oe6 4 an ME 
For Tr» Tea = 290 and 3 ——— -— St oe 
T, = 36 use Eq. (37a) - — fae 
Pea = pape id Posamy) 1. ie) , 10 log a 
. B- : pe fue 2800 -20 log Sunt, 
-0.2 i ‘ ies ig ‘: ee is areas 
Lay an) SSS L,+_ 


(b) Compute T, using Eq. (40). 


(c) Compute T, using Eq. (41) 


Enter logarithmic and decibel values in section C below, positive values in the plus column and nega- 
tive values in the minus column, For example, if Yu un) as given by Figs. 4 through 9 is negative, 
then -¥.,48) iS positive and goes in the plus column. For C,, see Figs. 1 through 3. For definitions 
of the range factors, sce Eq. (13). 


A, Computation of 7,: B. Range Factors C. Decibel Valucs | 


o 


K 


For T,, = 290 use Table 1. 


L, ,anyi2-67[ 7, =246 °K | 


Ledge igee ee eee 4. Obtain the column totals —————_—_—__——_» 


Enter the smaller total below the larger» 
6. Subtract to obtain the net decibels (dB)——» 


In Table 2 find the range ratio Rea eae to 


” this net decibel (dB) value, taking its sign (+) into er 
6K account. Multiply this ratio by 100. This is &, —7?> 


8. Multiply &, by the pattern-propagation factor 
°K | Pat. (see Eqs. (42) through (65) and 


~ Figs. 12 through 19): 
RG 3 F 2 Re 


an 


or using Table 1. 


y 
N 
w 

la 

° 
Aw 
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. On the appropriate curve of Figs. 21 and 22 determine the atmospheric-absorption 


loss factor, a,qu), corresponding to R‘. This is L4. an)¢1) > 


. Find the range factor 6, corresponding to -L4a;ap)(3) from the formula ae (en ae535) 
5 antilog (Ly) qn,)/40) or by using Table 2,———H—_—______—_—_——_ > 


Multiply ®' by 5,.. This is a first approximation of the range k,. | 75. 8 


If &, differs appreciably from &', on the appropriate curve of Figs. 21 and 22, find 
the new value of L,/ qn, Corresponding to &,. This is Ly¢any¢2)- 


Find the range-increase factor (Table 2) corresponding to the difference between 
LeaBycd) and bee aD (2): lhisis 3) eS oe ee 


Multiply &, by 6,. This is the radar range in nautical miles, &, ————————__-> 


Note: If-the difference between La (an)¢}) and a8 2) is less than 0.1 dB, &, may be taken as the final 


range.vialue, and steps 12 thfough 14 may be omitted. If La; agyc1) iS less than 0.1 dB, &' may be 
taken as the final range value, and steps 9 through 14. may be omitted. (For radar frequencies up 
to 10,000 megahertz, correction of the atmospheric attenuation beyond the ly.gp)(2) value would 
amount to less than 6.1 dB.) _ = 


GPO 885-394 


Figure 2-15. ASR-8 Dual-Channel Dipiex Range Calculation 
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caused by the antenna scanning across the target. Blake suggests that a standard loss of 1.6 dB be 
used. 


lL Absorption Loss 


The atmosphere contributes to radar losses in that some of the energy is dissipated during 
the two-way transmission. The value of two-way absorption loss is taken from Figure 22 of 
Blake. The antenna tilt angle is assumed to be 2.5 degrees. Since a figure is not included 
specifically for 2.5 degrees and 2.8 GHz, interpolation must be made between the 2- and 5-degree 
curves and the 2- and 3-GHz values. A loss factor of 1.2 dB is used. 


m. Coverage Pattern - 


The calculated coverage diagram is shown in Figure 2-16. 
‘B. RELIABILITY AND MAINTAINABILITY 


The ASR-8 equipment has passed the numerous design qualification tests specified by the 
FAA General Requirements Specification FAA-G-2100 and Equipment Specification 
FAA-E-2506, as a part of the FAA ASR-8 design qualification. In addition, a reliability 
demonstration test was run under the continuous monitoring of the FAA to Test Plan III, Test 
Level A-l, of MIL-STD-781B which more than demonstrated compliance with a specified 
single-channel requirement of 600 hours mean tine between failures (MTBF). A maintainability 
demonstration was also conducted on the ASR-8 per MIL-STD-471, Method L, Plan Al, plus 
Plan B2, at Texas Instruments, Plano, Texas, in April 1975. In summary, the maintainability 
demonstration proved a mean time to repair (MTTR) of 25 minutes, which is less than half of 
specified limit of 60 minutes. The following items are a partial listing of the maintainability 
features that contributed to this successful demonstration: 


Dual-channel system allows single-channel operation while maintenance is performed on 
the down channel. Also, the second channel can be used as a test bed when 
placed in the off-line condition. 


Modular layout allows replace-and-repair-later maintenance 

Built-in test equipment . 

No external special test equipment required for maintenance 
Minimum external general test equipment required for maintenance 
All special tools are provided 

Provisions are made for antenna alignment and checks 


Antenna pedestal components can be removed and replaced without removing the 
reflector and feed assembly 


Front access to all components 
-Easy- access to and removal of short-life- -compenents . 
Swing-out panels for complete accessibility - ° . ns . 


Commonly used test points are front-panel mounted 
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Figure 2-16. Calculated Free-Space Vertical Coverage Diagram 


Front panel switches for checks, adjustment, and maintenance 
Front panel meters 

Failure indicators (power supplies and transmitter faults) 
Card-edge test points 

Card-edge adjustments 


Extender boards provided. 
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SECTION Ill 
ASR-8 TECHNICAL DESCRIPTION 


The Texas Instruments ASR-8 surveillance radar is designed specifically to meet the 
requirements of the Federal Aviation Administration Specification FAA-E-2506. The purpose of 
this section is to describe briefly the standard system, show the layout of the system for both 
transportable and fixed-site building installations, and show items to be supplied. 


The ASR-8 system is a dual-channel radar with a single antenna system. Figure 3-1 shows in 
block diagram form the antenna system, one of the two radar channels, and the display site 


equipment supplied as a part of the system. 


A. ANTENNA GROUP 


“*e], Pedestal Assembly and Drive 


: The ASR-8 pedestal assembly consists of two rigid aluminum sand castings: a fixed-base 
casting, attached to the antenna tower, to which the inner race of the main bearing is bolted, 
and an upper, rotating “spider” casting to which the outer, helically geared main bearing race is 
attached. Two drive shafts located 180 degrees apart, each with a pinion gear at its upper end, 
protrude upward from a drive train, through the base casting, and drive the main bearing geared 
outer race, thereby rotating the spider casting which is attached to the reflector support. 


Each of the two 5-horsepower drive trains, shown in Figure 3-2, is capable of driving the 
antenna assembly. Each drive train consists of a horizontally mounted drive motor coupled to a 
right angle, worm-gear speed reducer, the vertical output shaft of which attaches to one of the 
pedestal drive shafts through an electromagnetic clutch, providing rotational drive for the 
antenna. A failure of either the motor or reducer is sensed and the clutch is automatically 
opened, disengaging the failed components from the drive train. 


The drive-train layout shown in Figure 3-2 is only one of several possible layouts. Each of 
the two drive assemblies may be independently rotated about the centerline of the vertical drive 
shaft to fit the eccentricities of various existing antenna tower configurations. 


A five-channel rotary joint is included in the pedestal, with three S-band channels and two 
L-band channels. Attached to the bottom of the rotary joint is a dual azimuth pulse generator 
(APG) unit which provide antenna timing information. The two APG units are identical, with 
one being driven directly by the rotary joint and the other through a single gear mesh. The 
redundant APG can be removed without disrupting operation of the other, requiring only a short 
shutdown period. 


2. Reflector Assembly 


The ASR-8 reflector assembly, shown in Figure 3-3, consists of the reflector, feed and 


_ polarizer assembly, and reflector: support and tilt mechdnism. The antenria is designéd for ~~ 
- ‘dual-beam operation. The new mechanical design -uses interlocking vertical and horizontal plates 


fabricated by computer-controlled machines to achieve excellent contour accuracy. This 


a 
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accuracy, combined with a new surface contour and feedhorn design, results in lower sidelobes, 
improved circular polarization, and sharper ground-side cutoff. 


a. Electrical Design 


The ASR-8 antenna is a conventional horn-fed doubly curved reflector with narrow azimuth 
beam and cosecant-squared elevation shaping to 30 degrees above peak of beam. It is designed to 
use a second receive-only high beam for close-in clutter rejection. The electrical design optimizes 
performance for air surveillance operation, including the following features: 


High azimuth resolution (1.35 degrees) 
Low sidelobes (—24 dB maximum) 
Fast ground-side cutoff (—20 dB at 4 degrees below peak of beam) 
High gain (33.5 dB minimum) 
2 Excellent circular polarization (22-dB integrated cancellation ratio minimum) 
Low back radiation (—30 dB) 
Dual-beam design. 


These electrical performance parameters are achieved with an extremely rugged mechanical 
construction, designed for operation in any environment without a radome. 


One of the more important functions of the ASR is to detect targets of small radar cross 
section in the presence of heavy ground clutter. The ability of the ASR-8 to do this is enhanced 
by the fast ground-side cutoff of the antenna elevation pattern. This prevents the ground clutter 
from being illuminated while still allowing detection of low-altitude targets. Figure 3-4 shows the 
measured elevation antenna pattern for the ASR-8 antenna, showing the fast roll-off feature. 
Also shown is the elevation pattern for the passive horn, or high beam. At the horizon angle 
(approximately 3 degrees below peak of beam), the high. beam has 14 dB less gain than the low 
beam with essentially the same gain at higher angles. This effectively increases the target- 
to-clutter ratio of close-in targets by 14 dB. 


A second, and just as important, operational requirement is to detect targets in the presence 
of precipitation clutter. The capability of the ASR to do this is very dependent on the quality of 
circular polarization of the antenna. Figure 3-5 shows the measured normal antenna elevation 
pattern with circular polarization, showing the high quality of the ASR-8 -antenna circular 
polarization over all elevation angles. By FAA Specification FAA-E-2506, to which the antenna 
was designed, the integrated cancellation ratio (ICR) with circular polarization must exceed 
22 dB; measured values typically exceed 25 dB. This performance results from a combination of 
a new electrical design with extended focal length, improved reflector accuracy because of new 
mechanical design, and a totally new feedhorn designed for excellent axial ratio in all planes. 


As a result of the more accurate surface contour achieved with the new interlocking plate 
design and combined with the new feedhorn design, azimuth sidelobes are down at least 24 dB, 
as shown in the azimuth pattern of Figure 3-6 (the traces under the. mainlobe are. cross-polarized 
‘component measurements). Azimuth beamwidth in the principal plane is 1.35 degrees minimum 
at the —3-dB point and no greater. than 4 degrees at the —20-dB point. This narrow beamwidth 
provides high azimuth resolution and accuracy while still providing, in combinationzwith the 
12.5-rpm rate and 1-kHz pulse repetition rate, a high MTI improvement factor (34 dB because of 
scanning) and target detection (19 hits per scan). 
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Figure 3-1. ASR-8 System Block Diagram 
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Figure 3-2. Drive Mounting Configuration 
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: Figure 3-3. ASR-8 Antenna 


Lames 


: 3-5 Equipment Group 


FECES 

() SECCERP EEE EEe 

PE Coeercere cos 
PCCP 
PLECEPCOPUP TE ee 
serevesersrenacster: 
RamaCeuee: 


aa peed 
CORSE ECCEECEEE 


CECE NSEC 
PPE ANP be 
PTT ETT TTT TT ye 


28 


Figure 3-4. Normal and Passive Elevation Patterns 
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Figure 3-5. Normal Beam Circularly Polarized Elevation Pattern 


Both antenna feedhorn and polarizer assemblies (normal beam and passive beam) consist of 
a dual-mode transducer, polarization phase shifter, feedhorn, and radome, as shown in Figure 3-7. 


4 The dual-mode transducer, fed by the waveguide from the rotary joint, creates two 
4 orthogonal field vectors within a square waveguide. These two vectors are each inclined at 
: 45 degrees to the vertical. For vertical linear polarization, no relative phase shift is applied and 
"4 the two vectors combine to re-create a single vertical field vector. For circular polarization, a 
4 relative phase shift of 90 degrees is applied to the orthogonal vectors by the phase-shift unit to 
3 create right-hand circular polarization. The relative phase shift is obtained in the phase shifter 
unit by inserting two dielectric strips into Gne side of the square guide, thus affecting only one 
of the two orthogonal fields. For vertical polarization, the dielectric strip is pulled back against 
the wall of the waveguide and therefore has no effect. This type phase shifter permits the 
polarizer to be a simple push-pull mechanism, resulting in a reliable, trouble-free design. It also 
greatly reduces the physical size to minimize aperture blockage effects. 


The antenna feedhorn was specifically designed in conjunction with the new contour to 
achieve the low sidelobes and improved circular polarization characteristics. Special attention has 
been given to achieving excellent polarization ratios not only .in the principal planes, as is usually 
done, but also in the off-axis planes. This ensures that all portions of the antenna reflector are 
illuminated with “energy which” has an éxcélléint polarization ratio. The feedhorn is a single.” 
aluminium casting, covered with a small radome to exclude rain and foreign material, as well as 
to permit waveguide pressurization. a 
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Figure 3-6. Normal Beam Azimuth Patterns 
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When using circular polarization to 
LOAD HORIZONTAL PORT reject weather clutter, the signals returned 
from the precipitation are polarized in the 
opposite circular sense. The action of the 
dual-mode transducer is such that .these 
signa!, are routed to the matched termina- 
tion on the orthogonal port. If it is desired 
to use this weather signal as an input to a 
weather channel, the termination is replaced 
with a waveguide-to-coaxial cable transition. 
SUAL MODE. Cpeoree HORN The third S-band channel in the rotary joint 

is available to provide for a coaxial cable 
path to the ASR shelter. 


VERTICAL PORT 


LINEAR POSITION 


My. CIRCULAR POSITION b. Mechanical Design 
‘‘e 


The ASR-8 antenna reflector assembly 
is designed to operate on a continuous duty 
basis in the most severe environmental 
conditions to be found in the world. It is 
designed to operate, without a radome, in 

(svore NIE an wind velocities to 85 knots and to survive 

velocities of 130 knots while covered with 

Figure 3-7. Antenna Feedhorn Assembly , 38 mm of ice. It is constructed entirely of 

aluminum and protected with three separate 

primer/paint processes. The antenna can be 

tilted in elevation by a manually operated tiltscrew mechanism so that the elevation lower—3-dB 

point can be adjusted +2.5 degrees relative to the horizon. A calibrated scale marked in degrees 
relative to the horizon indicates the elevation tilt angle. 


Y 


As shown in Figure 3-3, the antenna assembly consists of the basic reflector, reflector-back 
structure, reflector support and tilt mechanism assembly, and the feed support and feed 
assembly. The basic retlector is assembled from interlocking vertical and horizontal plates 
machined from aluminum sheets using a numerically controlled automatic punch press with 
+0.127-mm accuracy. The reflector contour was first synthesized using a computer program to 
produce the specified antenna patterns and characteristics. This computer-generated contour was 
then processed by a second program to compensate for mechanical factors such as screen 
thickness, rib station location, etc. This data was processed by a third computer program to 


generate the punched tape which controls the numerically controlled punch machine. Using this © 


tape, the 16 vertical and 7 horizontal contour ribs are punched out, including the surface 
contour, interlocking slots, and tooling holes. The punched vertical plates are mounted to an 
assembly fixture using the precisely located tooling holes. The horizontal plates are inserted into 
the vertical plates using the prepunched slots. While on the fixture, the vertical and horizontal 
plates are riveted together at all intersections; riveting is used to avoid inducing stresses and 
mechanical errors due to.welding. : 


! 


After the reflector structure is riveted together; and while it is still on the fixture, a 
prefabricated back structure is moved into place, shimmed for accurate fit, and bolted..to the 
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reflector. The reflector is then screened by welding expanded aluminum to the front edges of the 


horizontal and vertical plates. The result is a highly accurate and rugged antenna reflector 
structure. & 


After fabrication, each antenna receives a three-step protective coating, as follows: 


Wash primer with a thickness of 0.005 to 0.007 inm per MIL-C-8514. i 
Epoxy polyamide primer, thickness 0.015 to 0.023 mm, per MIL-P-23377, Class I. 
- Two-compound aliphatic isocyanate urethane paint by Andrew Brown Co. or id 
equivalent, color international orange, color number 12197, thickness 0.023 to 
0.033 mm, per FED-STD-595 and MIL-C-83286. ic 


Using all-aluminum welded construction with the protective coating outlined ensures that the 
antenna will provide trouble-free service in all environments for the 20-year expected lifetime of 
the system. This confidence is supported by the experience with ASR-4 systems which have been fF 
‘an worldwide continuous operation since 1960. b. 


The top horizontal plate of the reflector is designed for mounting of a secondary surveil- 
lance radar antenna, which is approximately 9 meters long and weighs approximately 
134 kilograms. 


3. Waveguide Assembly 


Included in the ASR waveguide assembly are all waveguide components inside the ASR 
shelter and outside the ASR cabinets. In addition to the associated waveguide sections and bends 
are the major waveguide components (for dual-channel operation): 


2 Frequency diplexers (for normal and passive channel) 


2 Waveguide switches with high-power dummy load and diplexer termination 

2 Four-port circulators = 
2 Test couplers ‘ 
2 Low-pass, high-power filters. ; 


The waveguide is standard rectangular aluminum WR-284 and the entire waveguide assembly is ee 
suspended above the ASR cabinets from the shelter ceiling. bu 

The waveguide assembly, shown in Figure 3-8, connects the channel A and channel B E 
systems simultaneously to the antenna for frequency-diversity operation. Also, either channel 
may be independently taken off line by the waveguide switch and operated on the high-power 
dummy load for maintenance purposes. The waveguide switch is operated remotely from the - 
radar system control panel. Each four-port waveguide switch includes a convectively cooled | 
high-power dummy load capable of handling the full average power of the klystron transmitter. 
Also, a matched termination is included to provide a matched line for the diplexer when the 
respective channel is switched off the diplexer. 


grows 
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Directional couplers are provided for measuring the ‘transmitter power and for injécting test iv 
signals into the receiver or for making noise figure measurements. 
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Figure 3-8. ASR Waveguide Assembly 


A four-port ferrite circulator serves as a duplexer to connect the transmitter and receiver 
units to the diplexer, and hence to the antenna (a passive TR-limiter is included in the receiver 
to protect against transmitter leakage). The circulator is convectively cooled and provides in 
excess of 30dB isolation with less than 0.5 dB insertion loss. Because of the high isolation 
between ports, the circulator isolates the klystron from load mismatch. By so doing transmitter 
stability is improved because of reduced frequency pulling. The result is improved MTI 
performance. 


Each channel also iweludes. a high-power low- -pass ‘waveguide filter t to suppress any facmonie 
and spurious radiation which might be generated by the transmitter. The second harmonic of the 
transmitter is attenuated a minimum of 40 dB, the third harmonic is attenuated at least=30 dB, 
and the fourth harmonic at least 10 dB. 
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B. KLYSTRON TRANSMITTER 


The ASR-8 transmitter (Figure 3-9) uses a VA-87E klystron power amplifier and solid-state 
modularized modulator to attain the utmost in MTI performance, reliability, and maintainability. 
All transmitter circuitry is contained in a single 152.4-cm-wide cabinet and is packaged to 
simplify maintenance in every way possible. 


The primary alternating current (ac) power is brought into the cabinet cupola through a 
3-phase circuit breaker and then through RFI filters into the RFI-tight portion of the cabinet. 
Upon turning on primary power, the cabinet blowers and support circuits are activated, along 
with the 15-minute preheat cycle. This cycle applies power to the focus solenoid and klystron 
filaments. After 15 minutes, the high voltage can be turned on. Both the solenoid and filament 
power supplies use totally solid-state regulation and control. A similar solid-state control and 
regulator circuit is used for the high-voltage power supply which supplies the modulator. This 
supply develops a nominal 250 volts dc at approximately 20 amperes. 


A fully solid-state modularized modulator supplies the 75-kV pulse to the klystron cathode. 
Twelve identical modules plug into a card rack from the front of the transmitter unit. Each 
module contains a switching SCR and energy storage pulse capacitor, plus peripheral circuits. The 
outputs of the 12 modules are bussed together and connected to the high-voltage components in 
an oil-filled tank on which the klystron and solenoid are located. Spaces for four additional 
modules provide growth capability. 


Within the klystron tank are the high-voltage components which convert the high-current 
pulse from the 12 modules to the 75-kV pulse required by the klystron. The modulator is a 
hybrid SCR-magnetic switching type, designed to minimize peak current values through the SCR 
device. This eliminates localized hotspots in the SCR junction, thus increasing lifetime. The 
magnetic switching transformer, hold-off coils, pulse-forming network, and pulse transformer are 


located in the high-voltage tank. All components are mounted on two slide-out mounting boards 
for accessibility. 


The drive pulse for the klystron is generated in the RF exciter, located in the receiver 
cabinet, by mixing the S-band stable local oscillator (STALO) and the 30-MHz coherent 
oscillator (COHO). A 5-us pulse is generated by the exciter to allow time for the signal to 

_ Stabilize in phase through the narrowband sideband-rejection filters. This pulse is sent to the 
transistor RF driver located in the klystron transmitter cabinet where ‘itis amplified to 
approximately 10 watts. 


Specification FAA-E-2506 has stringent spectral-sidelobe-reduction requirements including 
the requirement that at 10 MHz on either side of center frequency the transmitter sidelobe level 


must be down at least 40 dB. To accomplish this, the high-level output of the RF driver is © 


shaped by a PIN diode RF switch which gates out the 0.6-us klystron drive pulse from the 5-ys 


drive pulse. The shaping forms the rise and fall times of the pulse and rounds off the corners to 
reduce spectral sidelobes to below the —40-dB requirement. 


The transmitter metering, controls, and fault-detection circuitry are Idcated on a swing-out 


front panel. All transmitter parameters which could cause’ damage by going out of tolerance are 
monitored and connected to the fault-protection circuitry. Faults which may occif#-on a 
one-of-a-kind basis, such as a waveguide arc, shut the transmitter high voltage down, but it is 
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Figure 3-9. ASR Transmitter Unit 
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automatically recycled up to three times. If the fault clears, the transmitter continues to operate; 
otherwise, it is permanently shut down. Other faults, such as solenoid under current, which can 
damage the klystron, immediately cause permanent shutdown of the transmitter. 


All elements of the transmitter system have been designed to optimize MTI performance in 
both fixed PRF and staggered PRF. A highly efficient de-Q’ing circuit tightly regulates the beam 
voltage while operating in stagger. Jitter of the beam voltage pulse is less than Sns rms. 
Measured MTI improvement factor of the transmitter is in excess of 47dB. This stability 
manifests itself in the very low clutter residue experienced by Texas Instruments on its ASR-8 
radar system. 


1. HVPS/Modular Modulator 


As shown in the transmitter block diagram of Figure 3-10, the main part of the transmitter 
is the HVPS/modulator chain. The unique part of the transinitter is the modular solid-state 
' modulator which uses 12 identical plug-in SCR switching modules to replace the conventional 
thyratron, in conjunction with a triggered hybrid magnetic modulator concept which eliminates 
fast rise-time current pulses to prolong SCR life. This modulator combines the fail-soft advantage 
of the modular concept with the long life of solid-state components to offer ease of maintenance 
and exceptionally high reliability. 


The HVPS is a solid-state, 250-volt, 20-ampere system using SCR phase-angle control of the 
input primary power for dc voltage regulation. The output dc voltage is sensed by a regulator 
circuit which controls the triggering of the input SCRs. By controlling the time of triggering 
relative to the ac phase angle, the input power is regulated to maintain constant output voltage. 
An LC filter is included in the output to reduce the ripple to a negligible amount. The SCR 
components, with associated heatsinks, are mounted on heavy-duty fiberglass printed wiring 


boards. The power supply regulator is a conventional double-side, flow-soldered printed wiring 
board. 


Each of the 12 identical plug-in SCR switching modules contains a switching SCR and 
storage capacitor, plus ancillary components, including a protective fuse and fuse indicating light. 
The primary module components are shown enclosed within the dotted lines in Figure 3-11. It is 
a characteristic of an SCR that, although capable of switching large values of current, it can be 
damaged by rapid current turn-on. As shown in Figure 3-12, when first triggered, the current 
must propagate from . the gate contact point across the entire junction. If excessive current is 
conducted before the entire junction is conducting, extreme temperature hot spots can develop, 
leading to eventual device failure. It is the purpose of the square-loop type of magnetic 
modulator components to preclude this problem by slowing down the current pulse in the SCR 
while forming the narrow cathode pulse through magnetic switching. How this is accomplished is 
discussed in detail in the following paragraphs. 


Operation of the modulator can be best understood by referring to the simplified block 
- diagram of Figure 3-11 with illustrative oscilloscope waveforms. During the radar receive time, 


the switching. SCRs are turned off andthe. storage capacitors on the -modules -charge ‘toward: . 


twice the power supply voltage. Each module capacitor charges through its own charging reactor, 
Ll, according to the resonant’ I-cosine curve, shown’ in trace 2 of Figure 3- 11, which is 


characteristic of a line type of modulator. As the capacitors charge, the voltage is sefised by a 
control circuit which compares it to a reference level. When the voltage reaches the reference 
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level, the de-Q SCR is triggered, connecting the modules back to the power supply through the ~~ 
de-Q transformer, Tl, thus clamping the capacitor voltage at the: presef level as shown ‘in 


Figure 3-11. This type of de-Q circuit is nondissipative and returns the excess charging current to 


the power supply. ad 


It is the function of the de-Q circuit ‘to maintain a constant charge voltage and, thus, a 
constant beam voltage on the klystron, independent of power-supply ripple or variations caused 
by a staggered period. Long-term variations in the power-supply output are controlled by the 


power-supply regulator. However, ripple that is not completely eliminated by the power-supply 


filter must be removed by the de-Q circuit. Also, as indicated above, the capacitors charge 
following a resonant charging waveform. If the pulse repetition period varies, as it does in the 
Staggered PRF mode, the capacitors would charge to different values. Since good MTI per- 
formance depends on a very stable transmitter pulse, these variations must also be removed by 
the de-Q circuit. As shown in trace 2 of Figure 3-11, the de-Q circuit clamps the capacitor 

_, Voltage tightly to the preset level. A few microseconds before the actual klystron pulse, each of 
‘the module SCRs is triggered. At this point, the magnetic modulator components begin to 
function. 


Prior to triggering the SCRs, the hold-off coil L2 is biased in a high impedance state so 
current cannot instantaneously flow through the SCR. The priming coil, L3, which is an air core 
coil, allows a low value of current to begin to flow, as shown in the initial portion of the current 
waveform in trace 2 of Figure 3-11. This small priming current establishes conduction across the 
entire SCR junction to prepare the SCR for full current conduction. At this point, the hold-off 
coil saturates and switches to a low impedance state, permitting full current conduction through 
the primary of T2. This is shown by the half-sine pulse in trace 2 of Figure 3-11. It is seen that 
this current pulse cycle requires over 5 ys to complete, even though the final transmitter pulse is 
less than | us. As pointed out earlier, this slow current greatly prolongs the life of the SCR. 


The current pulse flows through the primary of the switching transformer T2, which is also 
a square-loop type magnetic component, stepping the voltage up to approximately 7 kV. During 
the SCR current pulse, the energy from the 12 module storage capacitors is being transferred via 
T2, which is acting as a conventional transformer, to the storage capacitor C2. As shown in 
trace 3 of Figure 3-11, C2 is also charging according to a l-cosine resonant curve, but over a 
much shorter period of less than 10 ys. Just as the peak charging voltage is reached and 
essentially all energy is transferred from the modules to C2, the switching. transformer T2 
saturates and switches to a low impedance. 


As this switching. occurs, capacitor C2 is discharged through the pulse-forming network © 
(PFN) and the pulse transformer T3 primary. The PFN shapes the beam pulse to the proper - 


pulsewidth for the klystron, and the pulse transformer steps the 7 kV up to approximately 


75 kV as required by the klystron cathode. The |.2-us beam pulse, superimposed on the module ° 


current of trace 2, is shown in trace 4 of Figure 3-11. 


In reviewing this complete cycle, it_is seen that, although the beam pulse on the _klystron is 
“approximately 2 us duration, current ‘ftows through the switching SCRs for nearly I5 ys total. By 
thus slowing down the SCR current, junction hot-spots are avoided and the SCR reliability is not~ 
compromised. = 
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Figure 3-12. Effect of Rapid Current Turn-On on SCR Junction Temperature 


The transmitter tube is an S-band klystron amplifier, Type VA-87E, which is tunable from 
2.7 to 2.9 GHz. Its peak power is a nominal 1400 kW, and the operating averaee RF power is 
approximately 840 watts. 


A swing-out front panel provides control of the transmitter; meters for monitoring crucial 
parameters, and fault-status indicator lamps. Eight transmitter parameters, including beam over- 
voltage, beam undervoltage, beam overcurrent, beam undercurrent, SCR reverse voltage, tube 
temperature, tube airflow, and modulator inverse current, are continuously sensed by automatic 
fault detection circuits. The faults are grouped into two categories, i.e., 3-times (3X) faults and 

l-time (1X) faults. When a 3X fault occurs, the transmitter HVPS will shut down and then turn 
back on. If the fault clears, the transmitter will continue to operate and a fault indicator lamp 


-will indicate which fault occurred. If, after three attempts, the fault does not clear, the 


transmitter will shut down permanently and the failure alarms will be activated. A 1X fault is 
considered potentially damaging to the transmitter, which is immediately shut down with no 
recycling, and the appropriate fault indicator lamp is turned on. 


From initial turn-on, the transmitter requires a preheat time of 15 minutes before. the HVPS 
can be turned on. In the event of a momentary interruption of primary power of 15 seconds or 
less, transmitter operation is immediately resumed. For interruptions | of ae duration, _ the 
preheat cycle is initiated. 


rr LL 
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2. Description of ASR-8 RF Driver 


The ASR-8 RF driver features an all-solid-state, modularized design. Figure 3-13 shows the 
basic electronic function of each module, and the photograph of Figure 3-14 clearly shows that 
each unit in the block diagram is readily accessible. A number of test points are provided for 
ease of testing and maintenance as shown in the block diagram. 


A minimum gain of 26 dB is obtained with a minimum peak power out of +42 dBm. The 
gain is provided by five cascaded, transistorized amplifier stages. Four parallel transistors are used 
in thé final stage to provide the high S-band peak output power. 


The three amplifier boxes and the shaping switch are manufactured by Texas Instruments 
and feature microstrip circuitry on Teflon-fiberglass substrates. The adjustable attenuator, the 
output directional coupler, and the isolators are standard purchased parts. 


‘, Spectrum control and pulsewidth control are provided by the RF diode shaping switch 
which selects a highly stable portion of the wide pulse output from the final amplifier. An 
inhibit input is provided on the switch for accepting fault signals such as from a waveguide arc. 


Each of the amplifier boxes receives its dc power from a common 35-volt power supply, 
and each individual module contains its own internal voltage regulator circuit. This arrangement 
results in good isolation between modules, the proper operating voltage for each stage, simple 
power supply requirements, and excellent phase stability. 


3. Waveguide Arc Detector 


Sensing for the waveguide arc detector circuit is supplied by two small, solid-state, 
light-sensitive diodes. These diodes are located at a waveguide bend near the klystron RF output 
flange. The diodes are optically coupled to the interior of the guide by circular, below cutoff, 
viewing tubes. One diode looks directly at the klystron window and the other looks in the 
output direction. Visible light in the waveguide will cause the arc detector to supply a 3X fault 
signal to the fault control PWBs. 


C. RECEIVER UNIT 


The ASR-8 receiver unit (Figure 3-15) is contained in a 76- by 76- by 203-cm cabinet 
adjacent to the klystron transmitter unit. The two RF inputs from the normal and Passive 
antenna beam waveguide channels enter through the top of the cabinet. 


1. RF Components 
As shown in the block diagram of Figure 3-16, the RF components include the receiver 


protector (TRL) for the normal and passive channel, the RF attenuator for each channel, a beam 
selector switch, preselector filter, phase shifter, and signal mixer. The TRL is a passive TR tube 


(radioactive isotope doped, requiring no keep-alive) followed by a: ‘diode ‘spike © limiter. “Theses = 


passive/solid-state nature of this component results in long life.. 
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Figure 3-14. ASR-8 RF Driver Configuration 


A special feature of the ASR-8 is the PIN-diode microwave attenuator which precedes the 
parametric amplifier. All receiver gain control functions, including sensitivity time control (STC) 
and fixed gain, are implemented using this attenuator. By so doing, three important benefits 
result: large amplitude clutter signals are precluded from saturating the parametric amplifier, the 
IF amplifiers operate at stable, fixed-gain points, and the output receiver noise level does not 
vary appreciably as the STC curve varies the gain. The insertion loss of the attenuator is 0.7 dB, 
and maximum attenuation is 40 dB. Since the parametric amplifier saturates at approximately 
—30 dBm, signals of up to +10dBm can be kept out of receiver saturation. The receiver output 
noise level is held essentially constant with STC action because the attenuator effective noise 
temperature varies only from approximately 50°K to 300°K over its attenuation range. When 
this noise temperature is added to that of the parametric amplifier, antenna, and line-loss, the 
overall system noise temperature varies less than 3 dB. Five preset attenuation levels can be 
selected from the remote and local control units to control receiver gain; the difference in 
attenuation between levels is adjustable (maintenance adjust) to 40 dB. 


In addition to the fixed gain levels, the STC unit is included in the system to control the 
gain with respect to time. The operator can select one of three STC control characteristics, each 
of which has the following range of adjustments: 


' . “The initiat value of receiver-attenuation isadjustable from the minimum 
device to 40 dB. ; 5 ae rae . 
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The start of the exponential decrease in attenuation from the initial value is adjustable 
from a minimum of not more than l us after the beginning of the transmitter 
pulse to at least 100 ps. 


The shape of the attenuation curve is adjustable from a characteristic which is 
approximately inversely proportional to the first power of range to a character- 
istic which is approximately inversely proportional to the fifth power of range. 


A separate PIN attenuator is provided for the normal and passive beams in the receiver. The STC 
function generator and receiver gain control are all digital and are located in the processor unit. 
Separate, identical STC generators are provided for the two RF attenuators and are described in 
detail in Subsection II.D.14. 


The passive (high) and normal (low) waveguide channels are connected to the parametric 
amplifier by a solid-state beam switch, which serves as an RF SPDT selector switch with greater 
than 30-dB isolation between ports. The driver for the switch is located near the switch in the 


-«, Upper part of the cabinet. Switching is accomplished in less than 150 ns. 


Following the parametric amplifier, described in the following subsection, is a four-cavity 
waveguide preselector filter. This filter is tunable across the 2.7- to 2.9-GHz band and has a 
nominal bandwidth of 8 MHz. At frequencies 50 MHz either side of center, the attenuation is at 
least. 60 dB. Following the preselector filter is a single phase shifter and cross-bar 
image-terminated signal mixer. The phase shifter matches the signal to the image-terminated 
mixer, This mixer achieves a noise figure of less than 5 dB across the band, including the IF 
preamplifier. The mixer diodes have current monitoring on a front panel meter and the diodes 
are easily field-replaceable. 


2. Parametric Amplifier 


An all-solid-state wideband parametric amplifier (Figure 3-17) establishes the receiver noise 
figure. The parametric amplifier has a noise figure of less than 1.25 dB and an instantaneous 
bandwidth in excess of. 200 MHz to cover the 2.7- to 2.9-<GHz band without field tuning. Gain 
of the parametric amplifier is 15 dB minimum. A Ka-band Gunn diode pump is used as the 
parametric amplifier pump source, and both the Gunn diode pump and parametric amplifier 
varactor diode are field-replaceable. The Gunn diode pump and varactor diode are held at 
constant temperature by a heater system. The heater unit is controlled by a proportional 
controller circuit mounted on a plug-in printed wiring board which is installed in. the card. rack 
below the IF modules. 


3. Stable Local Oscillator 


A crystal VHF oscillator with excellent short-term stability serves as the reference source 
for the solid-state, S-band, stable local oscillator (STALO): The oscillator center frequency varies 
from ‘approximately 95 to 101 MHz, depending on selected operating frequency, and is 
established by a plug-in crystal unit. The oscillator output is multiplied by X28 or X29, 


depending on the tuning of.a_ three-cavity bandpass. filter. shown with the cover off in.. 
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Figure 3-17. ASR-8 Parametric Amplifier With Cover Removed Be ge ee £ 


Figure 3-18. By proper selection of crystal frequency and multiplier, the STALO frequency varies 
from 2,670 to 2,930 MHz. Following this filter is a transistor S-band amplifier and a second 
four-cavity bandpass filter. The filter totally eliminates spurious signals from the STALO, 
resulting in an exceptionally stable source. A four-way passive power divider provides outputs for 
the signal mixer, exciter, STALO performance monitor, and a spare. The performance monitor 
. samples the STALO output level at three strategic points; i.e., VHF oscillator output, multiplier 
output, and final output. This level is monitored on a front panel meter: In addition, a test 
output from the STALO amplifier is provided. ; 
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Figure 3-18. STALO X28-X 29. Multiplier 


The STALO packaging shown in Figure 3-19 is designed for extremely high short-term 
stability while still providing field access. The package is shock-mounted to a shelf attached to 
the receiver cabinet to dampen mechanical vibrations. The entire unit can be removed by 
loosening four threaded fasteners. These fasteners are removable by hand, without tools. Each 
subassembly, such as the VHF oscillator, multiplier, and S-band transistor amplifier, is 
individually packaged in removable modules. Each module uses RF gasketing to prevent radiation 
and susceptibility to interference. By the use of two high-selectivity filters plus RF-tight 
packaging, no measurable spurious signals exist on the STALO output. MTI improvement factors 
of greater than 60 dB have been measured on the STALO unit. 


4. F Preamplifier '- GER: : 


The 30-MHz [F output from the signal mixer is coupled to the [F preamplifier module. This 
module is located close to the mixer to minimize noise figure. Measured noise figure of the 
preamplifier is less than 1.0 dB. A fixed gain of over 30 dB is provided by the preamplifier, and 
the bandwidth is in excess of 12 MHz. Isolated output stages drive the various post-IF noise-test 
module and MTT test module test signals into the preamplifier to be distributed to the IF 
amplifiers. A symmetrical limiting action is provided to prevent the black-hole effect of 
saturation in the preamplifier stages. 


5. Normal IF Amplifier 


. 


Special precautions have been taken in the design of the normal IF amplifier toZeptimize 
the signal-to-noise ratio and to preclude deleterious saturation effects. Approximately 50dB of 
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Figure 3-19. STALO Assembly With Cover Removed 


gain is provided in a wideband (greater than 5 MHz) amplifier chain, each stage of which 
successively symmetrically limits. The amplifier pulse shape is therefore retained, without 
stretching, over a wide dynamic range. This amplified pulse is then applied to five cascaded 
single-tuned filter stages which establish the normal channel noise bandwidth. Skolnik* shows 
that this type of filter results in the minimum signal-to-noise ratio loss relative to a true matched 
filter. 


By maximizing the signal-to-noise ratio before detection, the loss because of the nonlinear 
detection process is minimized. Figure 3-20 shows the near-Gaussian pulse from this amplifier. A 
full-wave detector follows the filter and a video amplifier provides the video output. Both the IF 
and video gain levels are adjustable from the front of the module. A nominal 4-volt peak signal 
level is provided and is routed to the processor unit for further signal processing. 


6. MTIIF Module 


The MTI IF module includes a standard MTI linear/limiter IF amplifier, phase detector, and 
video amplifier, as well as a quadrature phase detector and video amplifier channel. The 
quadrature channel is on a separate printed wiring board which can easily be included in or 


deleted from the.MTI module. Wideband symmetrical limiting stages, similar to those in the - 


“normal IF amplifier, provide approximately 40 dB gain. The gain and limit levels of the amplifier 
are individually adjustable. The IF amplifier is kept wideband to retain linéar phase for excellent 
pulse response to preclude degrading MTI performance. oe 


*Merrill [. Skolnik, Introduction to Radar Systems, McGraw-Hill (New York, 1962) p. 414. 
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Figure 3-20. Normal IF Amplifier Pulse Response 


Following the IF amplifier is a doubly balanced mixer (diode bridge) type of phase detector 
which is also driven by the 30-MHz COHO reference oscillator. The quadrature video board 
includes a phase adjustment to establish a true quadrature relation between the two output 
signals. Each phase detector is followed by a three-pole Bessel filter to establish the matched 
bandwidth. This filter simulates the five-stage normal IF filter. Since the phase detector uses a 
linear process, filtering can be accomplished after detection without signal-to-noise degradation. 
This permits the wideband IF amplifier with linear phase for good MTI performance while 
retaining signal-to-noise ratio. As in the normal amplifier, a video amplifier with front-panel gain 
adjustment provides a bipolar 4-volt (peak-to-peak) signal to drive the processor. 


7. Log IF Module 


Included in the standard ASR-8 receiver unit is a log IF module for processing weather 
precipitation returns. The log amplifier works in conjunction with a CFAR circuit in the 
processor unit to reduce precipitation returns to receiver noise level. A bandpass filter precedes 
the amplifier to maintain constant noise bandwidth independent of signal level. The amplifier has 
in excess of 80 dB dynamic range and has separate IF and video gain adjustments. 


3-31 Equipment Group 


8. Exciter 


The exciter accepts the STALO signal, a 30-MHz signal and a 5-us COHO gate and generates 
an RF transmitter signal in the 2.7- to 2.9-GHz band. The STALO signal is coupled to a 
high-pass filter. The filter restricts low-frequency intermodulation products, caused by the mixer, 
from getting into the STALO. Attenuation of these signals is in excess of 60 dB. Without the 
filter, the signals would pass through the STALO to the receiver, causing an error or false signal. 
The filter output signal is applied to the double-balanced mixer. 


The transmitter signal is generated by mixing a S-us sample of the COHO in the mixer. The 
COHO sample is applied to 30-MHz transmit switch. The transmitter gate pulse is also applied to 
the 30-MHz transmit switch through locally operated CW/NORM switch. The switch permits CW 
Operation of the exciter for testing purposes. The transmitter gate enables the COHO signal for 
S-us intervals at the PRF of the radar. The 5-us RF signals are amplified and applied to the 
mixer. The mixer provides upper and lower sideband output signals to the bandpass filter. The 

 four-pole bandpass filter selects either the lower or upper sideband for further amplification in 

the transmitter chain. A 0.6-us section from the center of the output pulse is ultimately used as 
the transmitter pulse. The S-us input pulse to the filter was selected to allow the filter to be as 
narrowband as possible. Because filter bandpass is between 5 and 10 MHz, the filter reaches 
resonant frequency and stabilizes in approximately | to 2 us. The remaining 0.5 us of the pulse 
is used to stabilize the exciter driver before gating out a shaped pulse for the transmitter. 


The output signal from the bandpass filter is applied to the exciter amplifier containing a 
three-stage S-band amplifier. Exciter amplifier bias network provides a temperature-compensated 
regulated voltage to the three-stage amplifier. Amplifier gain amplifies the pulse to approximately 
+19 dBm. Exciter output is routed via coaxial cable to the RF driver amplifier in the klystron 
transmitter cabinet. 


9. Log Test Module 


Two test generators are included in the receiver unit, the log-test generator and the MTI 
lock-test generator. Included in the log-test module are a noise-test generator and a random-speed 
test-target generator. It is the primary purpose of this module to provide test signals for use with 
the log-CFAR circuits. The noise generator produces a random noise signal to simulate 
precipitation clutter signals. A 30-MHz crystal oscillator simulates a target moving at a non- 
synchronous or pseudorandom velocity. These two signals are combined and fed through a 
front-panel O- to 82-dB step-attenuator to the IF preamplifier. A separate front-panef control 
permits adjustment of the amplitude of the test target relative to the noise level. This test 
module can be used to confirm that the CFAR circuits will properly reduce weather 
clutter-to-noise level, as well as to check the super-clutter detection of targets. : 


10. MTI Test Generator 


The MTI test generator produces a-series of pulses in time that are delayed samples of the 


COHO pulse at the time of the transmitter pulse. The COHO pulse is injected: into a‘ recirculating: 


_ delay line circuit. This pulse occurs at approximately 20-us intervals during the repetition period. 


—_—-. ee 
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Leveling circuits equalize the amplitude of these pulses. By connecting these pulses to the MTI 
IF module and viewing the MTI canceller output video, any instabilities in the COHO system can 
be identified. 


11. Power Supplies 


Postregulator power supplies for the +15 volts and +5 volts.are included in the receiver unit. 
These are switching-mode inverters supplied from the channel +24-volt preregulator. The supplies 
are highly efficient, convection cooled, and mount in a front-panel card-rack assembly. 


12. Mechanical Packaging 


Special emphasis in the receiver unit mechanical packaging has been placed on ease of access 
for good maintainability. The microwave components are mounted in the generally open area at 
the top of the cabinet, and the IF module is in the lower swing-out panel. The receiver output 

“*port of the circulator is connected to the receiver cabinet by waveguide through a special 
bulkhead adapter. Inside the cabinet, the TR-limiter is mounted to the waveguide, and a 
waveguide-to-coaxial transition converts to coaxial cable. The TRL is readily available and easy 
to replace. The PIN diode RF attenuators and beam switch mount to brackets between the TRL 
and parametric amplifier. These items are easily removed by disconnecting the coaxial cable and 
removing the mounting screws. 


The parametric amplifier is mounted on a swing-out panel at the front of the cabinet. 
Quarter-turn fasteners release a cover panel, fully exposing the parametric amplifier components. 
The STALO unit mounts to the upper left wall, shock-mounted to a support plate. Quarter-turn 
fasteners release a cover panel, exposing the inner STALO modules. All major components of the 
STALO, such as the S-band amplifier and bandpass filters, are in individual RF-tight modules and 
can be individually removed. The entire STALO assembly can be easily removed from the 
cabinet by disconnecting the coaxial and power cables and removing four screws. 


All IF amplifier and test modules are mounted in a swing-out front panel. Each individual 
module is completely enclosed and is RF-tight. Signal and power connectors are mounted to the 
rear of the module. Slides mounted to the top and bottom of each module guide the module 
into the panel rack and also allow it.to extend out of the rack for access if required for 
troubleshooting. Panels on either side of the module can be removed by removing screws to 
expose both the component and etch side of the IF printed wiring boards. cs : 


Two low-voltage power supplies, providing +15 volts and +5 volts dc, and the parametric 
amplifier heater driver circuit mount in a card rack in the lower portion of the swing-out panel 
containing the IF modules. All three assemblies are vertically mounted and slide into the rack 
from the front. Connectors on each board mate with wire-wrap connectors on the back of the 
rack. The wire-wrap connections are easily accessible by swinging open the panel. Because of the 
efficiency of the switching-mode inverter power supplies, no blowers for forced-air cooling are 
required in the cabinet. 
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D. DIGITAL PROCESSOR UNIT 


The ASR-8 digital processor (Figure 3-21) is contained in a separate standard 76- by 76- by 


203-cm cabinet and performs all video signal processing necessary to display aircraft target 
signals. The processor includes separate MTI and normal video channels, as well as the 
synchronizer, STC function generators, power supplies, and built-in test equipment. Normal, 
log-normal, and bipolar MTI video signals from the receiver unit serve as input signals to the 
processor, in addition to the control function signals which relate to the processor. 


.Video limiter/amplifier 2. 0 2.0 


10-bit aiialog-to-digital converter (I&Q) 

Dual canceller, with switch-selected mode and feedback (I&Q) 
Quadrature combiner 

Digital log 

Digital CFAR (delay and subtract plus antilog) 
6-bit integrator 

Weather background 

Stagger realignment 

Digital-to-analog converter 

Diversity combiner 

Range azimuth gate 

Video limiter/amplifier 


Video line driver 


Normal/log channel 


6-bit analog-to-digital converter (normal) 

7-bit analog-to-digital converter (weather log) 
Analog CFAR (delay and subtract plus antilog) 
6-bit integrator 

Stagger realignment 

Weather background 

7-bit realigned weather log output (analog output) 


6-bit normal digital-to-analog converter 


Range azimuth gate 


Diversity combiner 


Video line driver 


As shown in the block diagram of Figure 3-22, the processor includes the following 
functions: 


MTI channel 
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Figure 3-21. ASR-8 Processor Unit 
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Synchronizer 
Crystal oscillator system timing clock 
Radar aligned trigger generator 
Radar stagger trigger generator 
Digital storage shift-pulse generator 
Logic control clocks 

Built-in test equipment 

, Swept-velocity generator 

Ramp generator, stationary 
Ramp generator, optimum velocity 
Digital fixed and optimum velocity test targets (deadtime). 


The functions are described in detail in the following paragraphs. 
1. Analog-to-Digital Converters 


The analog-to-digital converter (ADC) for the processor is a 10-bit system which is 
composed of a 4bit primary quantizer and a 6-bit secondary quantizer. The full 10-bit quantizer 
is used for the MTI channel, and the weather output channel uses a primary and secondary 
quantizer to provide 7 bits. The 6-bit secondary quantizer is used for the normal channel and 
log-CFAR output. Each ADC has an input sample-and-hold circuit followed by the digital 
conversion circuitry. The samples are taken at approximately 2.15 MHz, resulting in a range 
quantization interval of slightly less than 0.47 us. After each sampled value is converted to a 
parallel binary word, it is shifted into an output register, from which it is made available to the 
appropriate digital processing functions. The primary and secondary quantizers are each mounted 
on a single printed wiring board and are designed for stable performance over temperature and 
time. 


2. Quadrature Moving Target Indicator 


The ASR-8 includes a single dual-canceller moving target indicator (MTI) which processes 
the in-phase component of the received signal. A second dual-canceller MTI which processes the 
quadrature (90 degrees) component is included. 


QMTI provides approximately 3 dB improvement in system performance through increased 
range or increased probability of detection. The QMTI minimizes target fade or scintillation, as 
well as signal degradation caused by blind phase (90-degree component) as is experienced with a 
standard single-phase MTI system. A second MTI IF module is provided in the receiver unit and 
a reference signal for the second phase detector is generated by shifting another output of the 
COHO by 90 degrees. A second dual-canceller MTI with feedback and a combiner circuit for the 
addition, of the O-degree. and 90-degree’ signals are added to the Processor. 
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Figure 3-22. Processor Block Diagram : 
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3. Digital Canceller 


The digital canceller, as shown in the simplified block diagram of Figure 3-23, consists of 
two identical cascaded delay-line type cancellers with switch-selectable feedback to shape the 
velocity response. Thus, the canceller system can be operated as a single (two-pulse) canceller, 
dual (three-pulse) canceller, or dual canceller with four different velocity responses. This type of 
canceller offers excellent clutter cancellation, as well as high reliability, because of its digital 
design and inherent simplicity. 
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Figure 3-23. Dual Digital Canceller Block Diagram 
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In operation, each 10-bit binary word 


into the canceller input at the 2.15-MHz 
rate. In the nonfeedback mode, it is shifted 
through the digital storage as well as being 
fed directly through. The storage output, 
representing the signal from the same 
respective range for the preceding pulse 
repetition period, is subtracted from the 
direct input. For fixed targets, these two 
values will be identical and will cancel to 
zero. For moving targets, a nonzero value 
will result, dependent on the radial velocity 
of the signal. Thus, only targets with 
doppler velocity components are displayed. 
The response to moving targets is the 
familiar half-sine (single canceller) or sine- 
squared (dual canceller). 


RELATIVE AMPLITUDE 


In the feedback mode, the outputs of 
the two shift register delay lines are multi- 
plied by appropriate constants and summed 
with the inputs. Depending on the constants 
used, various velocity response curves are 
generated. Four discrete values are available 
by switch selection on the front panel. 
These four response curves, in addition to the half-sine and sine-squared response of the single 
and dual cancellers, respectively, are shown in Figure 3-24. The feedback curves shown result in 
25, 30, 35, and 40 dB of cancellation on clutter caused by antenna scanning. These curves offer 
progressively better clutter cancellation with reduced target response at low velocity. 
Performance is not subject to drift or change in characteristic since the multiplication is 
performed by hardwired digital logic circuitry. However, the response curves can be displayed on 
an oscilloscope using the built-in swept-frequency generator to confirm that no failures have 
occurred in the canceller circuitry. 
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Figure 3-24. MTI Canceller Response Curves 


The canceller velocity responses of Figure 3-24 have nulls that repeat at integral multiples of 
the repetition frequency. These nulls result in loss of detection at corresponding aircraft radial 
velocities. This loss can be eliminated by using nonuniform or staggered repetition periods. For 
the ASR-8 system, a four-pulse stagger sequence, shown later in Figure 3-29, is used. The 
resulting improvement in MTI velocity response is shown in Figure 3-30. It is seen that there is 
no “blind speed” below at least 2,150 knots, and that all dips are less than 10 dB peak-to-peak. 
The average stagger period is 960 us, corresponding to an average repetition frequency of 1041 
Hz. : 


All delay-line storagé in the duat cancellers, as well as in the digital video integrators and 

realignment circuits, uses metal-oxide-semiconductor (MOS) static shift registers. Each canceller. 

delay line consists of 10 parallel bits, each of which is 1,665 bits (range bins) in length. A 
processor storage printed wiring board is shown in Figure 3-25. _ 
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Figure 3-25. Processor Storage Printed Wiring Board 
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The 10-bit binary words are shifted through the 1,665 range bins at the 2.15-MHz rate, 
providing slightly more than 110km of MTI range. During the remaining portion of the pulse 
repetition interval (deadtime), the range clocks are stopped and data are statically stored until 
the clocks are reinitiated at the next transmitter pulse. The 0.47-us period is slightly less than 
80 percent of the 0.6-us pulsewidth, which reduces range quantization losses to a negligible value. 
Tests conducted using an FAA ASR-7 digital MTI with 75-percent range-bit-to-pulsewidth ratio 
and an ASR-S analog MTI simultaneously, showed no discernible MTI sensitivity loss at the PPI 
display. 


After cancellation, the absolute value of the bipolar digital output is taken (which is 
equivalent to full-wave rectification in an analog canceller), since the PPI can display only 
unipolar video. The digital unipolar word is then routed to the log-CFAR circuits for further 
processing. 


4. MTI Digital Log-CFAR 


Following the quadrature combiner is an all-digital log-CFAR circuit, the primary purpose 
of which is to reduce precipitation clutter signals to receiver noise level. The circuit operates on 
the principle that certain classes of random signals, including single-sided Gaussian and Rayleigh, 
have a variance which is independent of the mean value after having passed through a circuit 
with logarithmic response. The output of the canceller absolute-value circuit has an approximate 
single-sided Gaussian distribution for precipitation signals. After having been processed by the 
[Obit digital log function, the signals have a variance which is independent of the average value. 


The CFAR circuit consists of two parallel paths, one of which filters the log video to form 
an average value, and a second which has a pure time delay of 2.3 us (five range bins). The 
average value is then subtracted from the delayed direct signal, reducing the clutter-to-receiver- 
noise level. Since the variance is independent of the mean, and the mean value gets subtracted 
out, a constant residue level results regardless of the precipitation clutter level at the input to the 
digital log circuit. 


5. Gain Normalization 


The noise gain of the MTI channel varies over a several-decibel range as a function of the 
various canceller modes, log-CFAR on or off, etc. To keep this from causing the operator to 
have to reset his display each time a mode change is made, a programmed gain normalization 
circuit is included. This is accomplished by adding a constant to the log-CFAR circuit output 
prior to taking the antilog, based on the fact that the logarithm of the product is the sum of the 
logarithms. Taking the antilog of the log output summed with a constant is equivalent to 
multiplying the log input by that constant. This is equivalent to applying a gain factor to the 
input signal. Appropriate constants for all modes are stored in a read-only memory and are 
selected for each mode. The result is constant receiver noise level independent of processor 
mode. 


6. Integrator 


Both the MTI and normal processor channels include a digital sweep integrator.“fhe purpose 
of this circuit is to sum all returns from a given target to maximize the signal-to-noise ratio 
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Figure 3-26. Integrator Block Diagram 


before display. It also greatly reduces nonsynchronous pulse interference. As shown in 
Figure 3-26, an adjustable digital limiter is at the input of the integrator. The limit level is 
typically set just slightly above receiver noise, and it is this limiting function that reduces the 
nonsynchronous interference. After limiting, the input binary signal is sammed with the output 
of the feedback multiplier and the sum is returned to storage. The storage is a 6-bit shift register 
delay line with 1,665 range bins similar to the 10-bit line used in the canceller. Its output is 
multiplied by a constant less than unity (15/16) and is then, as mentioned above, summed with 
the limited input. The integrator output signal is the sum-junction output. As pulses from a given 
range enter the integrator, the output increases rapidly in amplitude as the successive outputs are 
added and decays as the antenna scans off the target. This is also the basis for reduction of 
nonsynchronous pulse-type interference since the pulses never successively occur in the same 
range bin. Their maximum output amplitude is the integrator limit level. 


Although the phosphor of the PPI performs a similar integration function, its limited 
dynamic range and storage characteristics result in integration losses. Experience with the digital 
sweep integrator described above shows that it offers substantial improvement in small target 
detectability over a conventional PPI display, with minimal azimuth shift and target stretching. 
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The normal channel log-CFAR circuit, while functionally identical to the MTI log-CFAR 
circuit, is of analog design. The input to the CFAR circuits in the processor unit is the“fog video 
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from the log [F module in the receiver unit. This input is connected to the delay and filter 
CFAR circuits as in the MTI channel. Analog circuit is used to preserve the wide dynamic range 
of the log circuit. Although the log IF has a dynamic range over 80 dB, experience has shown 
that the best CFAR operation results when the log function extends at least 20 dB into receiver 
noise. Thus, the usable dynamic range above receiver noise is approximately 60 dB. This would 
require a minimum of 10 bits if processed digitally. Since the normal channel basic dynamic 
Tange requirement is satisfied with a maximum of 6 bits, to use digital CFAR would add 
unnecessary circuitry. In the MTI case, the wider dynamic digital range is required for the MTI 
canceller, and the signal is already in a 10-bit rcieital format, so that digital log-CFAR is the 
logical solution. 


The normal analog circuit is functionally the same as the MTI digital CFAR circuits. A 
Bessel narrowband video filter averages the log video and forms the average value. A 
lumped-constant, 3.2-us video delay line delays the targets past the integrated target response in 

_, the video filter to avoid target loss from subtraction. After the average value has been subtracted 
“from the log video clutter signal, a constant noise level results. This CFAR video is then available 
for further processing and display. 


The output of the normal log-CFAR circuit and the normal video from the normal IF 
amplifier module are connected to a solid-state function selector, which serves as a single-pole, 
double-throw selector switch. This switch is operated by the radar control panel and selects the 
normal video or normal log-CFAR depending on the status of the control panel. The output of 
the switch is connected to a 6-bit ADC quantizer which converts the video to a 6-bit digital 
word at the 2.15-MHz range clock rate. Since the log-CFAR circuit normalizes precipitation 
clutter-to-noise level, an adequate dynamic range to process its output is 6 bits. 


8. Synchronizer 


The radar synchronizer has two major functions. The first is to generate all triggers for the 
radar, such as for the modulator, display, etc.; and the second is to generate the clock pulses and 
shift pulses required by the digital circuitry in the processor. All timing functions are derived 
from a 30-MHz crystal oscillator, including both the radar triggers and the range clocks. Each 
channel can be operated from its own oscillator or from the opposite channel: In diversity, both 
channels operate from the master channel oscillator to ensure synchronization of timing. If a 
channel is in standby and off line, it can be operated on its own oscillator, unless its transmitter 
is operating. In this case, to avoid cross-channel interference, it is slaved to the’ active channel. 
This approach avoids a requirement for cross-channel video blanking. 


a. Trigger Generation 


Two sets of triggers are generated by the synchronizer, the aligned triggers and staggered 
triggers. As discussed above, all. triggers and clocks are generated from the appropriate oscillator 
which is selected by the processor control. For example, in diversity operation the master 
channel uses its own oscillator and the slave channel disconnects its own oscillator and selects 


the master channel. Also, in single-channet ‘operation, the standby channel. uses’ its own. oscillator... - 


if high voltage is off, and the active channel if high voltage is on, to avoid interference. The 
aligned triggers always have a fixed repetition period equal to either the fixed radar period, if 
not in stagger, or to the average period, if in stagger. In stagger operation the staggered triggers 
follow the four-pulse stagger sequence and, therefore, have nonuniform periods. 
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As seen in the simplified synchronizer block diagram of Figure 3-27, two separate counters 
are used to generate the aligned and staggered triggers. The 30-MHz signal from the synchronizer 
oscillator in the receiver is buffered to preserve stability and then counted down by a factor of 
14. This generates the basic timing clock for the processor with a period of 0.467 us, or 
2.15 MHz, which is used for both trigger generation and for the processing logic. 


To generate the aligned triggers, the 2.15-MHz clock drives the 12-bit aligned-trigger 
counter, The counter provides 4,096 possible timing states of the 0.467-us period which can be 
decoded to generate triggers at selected intervals. A set of 12 switches is used to preset the 


counter to establish the radar repetition period to the desired fixed PRF value from less than’ 


700 Hz to greater than 1200 Hz. These switches are miniature dual in-line packages mounted on 
the trigger generator printed wiring board. As an example, for a fixed PRF of 1000 Hz, 2,143 of 
the 0.467-us timing intervals are required to produce the repetition period of 1,000 ys. Thus, the 
switches would be set to preset the counter each period to the state of 1,953 (4,096 — 2,143). 
When the counter has progressed to state 4,096, resulting in a period of 1,000 us, it resets to 
‘gtate 1,953, etc. By changing the switches to a different preset state, new fixed PRF values are 
generated. 


To establish the relative position, or timing, of the aligned triggers, four 12-bit decoders are 
used in conjunction with the aligned-trigger 12-bit counter to establish four radar triggers which 
occur each repetition peridd. The four triggers and their timing relationship are shown in 
Figure 3-28. The four trigger decoders are set to decode the counter states which correspond to 
the times shown in Figure 3-29. The decoder states for these decoders are established by 
semiconductor ROMs which are permanently programmed at the factory. 


In stagger operation, the duration of the periods in the four-period stagger sequence is 
established by the aligned trigger counter, a separate set of 12 preset switches and three separate 
decoder ROMs. As in the case of fixed PRF, the 12 miniature dual in-line package switches 
preset the aligned trigger counter to a state corresponding to the average PRF of the stagger 
sequence. In addition, three ROM 12-bit decoders establish three additional period durations 
derived from the average period by adding or subtracting a fixed amount. At the end of each of 
these periods, all of which occur every repetition period in the aligned decoders, a logic signal is 
generated to sefve as a reset signal to the stagger trigger counter. These four signals are logically 
combined into a 2-bit parallel code which is sent to the stagger sequence circuits. 


For proper velocity stagger response in the MTI, as shown in Figure 3-30; the staggered 
periods must not only be of the correct duration, but also must occur in the proper sequence. 
This sequence, shown in Figure 3-29, is established by a four-state counter and a “‘one-of-four” 
select circuit. The four-state counter determines the period sequence. The master channel counter 
free-runs through the four-state count, and the slave channel counter is reset by the master 
channel. Once each pulse repetition interval, the counter advances one count, through a total of 
four counts. This count is sent in 2-bit form to the one-of-four select circuit which also receives 
the 2-bit period reset logic signals from the aligned-trigger decoder circuits. Thus, for period 
number one, as established by the four-state counter, the selection circuit “reads” position 


number one from the 2-bit stagger period control signals sent from the 12-bit decoders. At. the . 


end of the respective period (established as described above by the aligned trigger decoders), a 
reset pulse resets ‘the stagger 12-bit counter and its count restarts. On the second pulse, the 
selection circuit ‘‘reads” position number two from the 2-bit stagger period control. At*the end 
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Figure 3-28, Aligned Trigger Timing 
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Figure 3-30. MT! Stagger Velocity Response 


of this period, a reset pulse again restarts the stagger trigger 12-bit counter, and so on through 
the four periods. In frequency diversity operation, both the 30-MHz oscillator and start- 
stagger-count signals are sent from. the master channel to.the slave channel for complete - 
synchronization of the two channels. ae 
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Figure 3-31. Staggered Trigger Timing 


During each stagger period, six radar triggers must be generated for overall operation of the . 
radar. This is accomplished with a second 12-bit counter and six 12-bit trigger decoders, in a 
manner analogous to the aligned triggers described above. The 12-bit counter receives the 
2.15-MHz clock and jis. reset to zero by the reset pulses from the one-of-four circuit function 
described above. The counter advances until reset by the next reset pulse. Thus, the initial (zero) 
state follows the stagger sequence. The 12-bit stagger trigger decoders, programmed by the six 
stagger-trigger ROMs, generate the actual stagger triggers with the timing relationships shown in 


Figure 3-31. Note that the timing interval between ‘these triggers is always fixed, andthe entire - 


- group occurs in the staggered period sequence. The pre-RF trigger serves as modulator trigger for 
the transmitter. The RF trigger and COHO/transmitter gate are used when a klystron transmitter 
is used with the radar. = 
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b. Shift Pulse Generation 


The clock signals required for the digital processing circuits znd the shift pulses required by 
the MOS shift register storage are also derived from the 30-MHz crystal oscillator. As described 
above, the 30-MHz oscillator signal is counted down by a factor of 14 to form the basic timing 
interval of 0.467 ys. This countdown circuit, in effect, generates 14 intervals of 0.467 us each, 
which are then decoded to form various clocks. For example, one clock may go high at interval 
number | and low at interval number 5S. This forms a clock at the basic 2.15-MHz rate which is a 
logic | for 0.167 ps and logic 0 for 0.300 ys. In a similar manner, a total of 14 clock signals are 
decoded for use in the processing and storage circuits. 


The 2.15-MHz clock pulses are used by the analog-to-digital converters to sample the video 
inputs received from the IF modules. The converted signals are then clocked through the various 
functions, such as the MTI cancellers, integrators, and log-CFAR circuits at the same rate. The 
radar range is nominally 110 km, provided by 1,665 range bins. At the end of the 1,665 range 
bins, a range bin counter and a decoder determine that end-of-range has occurred and stops the 
processing. Since there is a deadtime period after end-of-range and before the next pulse, during 
which test pulses and other functions occur, some clocks continue. At the end of the complete 
period, determined by the trigger generator circuits, the cycle repeats itself. 


c. Beacon Triggers 


As part of the trigger generation, counted-down beacon triggers are provided to synchronize 


the beacon-interrogator equipment to the radar. The triggers are always aligned, or unstaggered, 
since the beacon system is not susceptible to blind speeds. The countdown always keeps the 
beacon PRF between 325 and 400 pps when the radar is operating in stagger and between 300 
and 450 pps when the radar is operating with fixed PRF. 


9. Realignment 


In normal operation, the radar will operate with the four-pulse staggered repetition periods 
shown in Figure 3-29 to eliminate blind speeds. Since some types of equipment that must 
interface with the radar will not operate properly with staggered periods, the final output video 
is realigned. That is, all periods are made uniform in duration. All three video outputs 
(normal/log-CFAR, weather log, and MTI) are realigned in digital stagger realignment circuits. 
Realignment is accomplished by making all periods equal to the average period: which is derived 
from the aligned trigger generator. The staggered periods are derived as described in detail in the 
preceding section by varying the average period a specific interval of time for each of the three 
nonuniform periods. To realign the video, the video must be delayed equivalent periods of time 
to force all periods to be aligned with the aligned triggers. — 


The. realignment delay is accomplished using MOS dynamic shift registers. Appropriate 
clocks are generated in the synchronizer clock generation circuits to delay or not delay the 
digital video. The realignment circuit is, in effect, three cascaded delay intervals with tapped 


..outputs. The variable delay is obtained by_selecting the appropriate. point in the-cascaded delay 


to tap off. Since the video is in digital format, this is accomplished using logic circuitry. For 
each of the MTI and normal video paths, the realignment circuitry has 6 parallel bits. For the log 
weather channel realignment, there are 7 parallel bits, and the weather background has 2°bdits. 


3-50 Eouioment Group 


Sohn a 


pooonaety 


by wg dianeat 


hegiiaindinig 


eo. oe: 


10. Diversity Combiner 


After conversion from 6-bit digital to analog form, the MTI and normat video signals are 
connected to their respective video diversity combiner circuits. Diversity operation involves the 
simultaneous operation of both radar channels to increase the transmitted power and improve 
the probability of detection. To prevent waveguide breakdown problems, the two transmitter 
pulses are separated in time by approximately 1 ys. To sum the signals from the two channels 
cotresponding to the same target, this offset must be realigned. A compensating delay line is 
therefore placed in the channel pulsed first, which is the master channel, thus making the two 
channels coincident. When two noise signals are summed, the output rms noise voltage increases 
by the square root of 2. To maintain constant output noise level from the radar, whether 
operating in diversity or single-channel mode, a compensating attenuator is also included in the 
combiner circuit. When operating single-channel, this attenuator is bypassed. 


The radar weather background signal is added into the combined video from the master 


_channel when the weather background circuit is turned on. Only the master channel weather 


background signal is used, and it is mixed in after diversity combining, to avoid the confusing 
situation which would occur if weather background from the two channels were to be summed 
together. After diversity combining and after the weather background is mixed in, a final video 
amplifier provides the composite output video. This amplifier has an adjustable video gain. 


11. Video Line Drivers 


Since the ASR is designed to operate at a remote location, it must be capable of delivering 
the output video signals over considerable distances. Each of the two processor units contains 
video line driver amplifiers which are capable of driving, in conjunction with their matched video 
line compensators at the receiving end of the cable, up to 6,096 meters of coaxial cable. Separate 
line driver/compensator pairs are provided for the MTI and normal video signals. In diversity 
operation, the master channel diversity combiners drive the master channel line drivers, which in 
turn drive the land line cables. In nondiversity operation the active, or selected, channel line 
drivers are used. 


The line driver/compensator pairs are designed to exactly compensate for the attenuation/ 
phase characteristics of RG-11/A coaxial cable. Bandwidth and frequency response characteristics 
are such as to make the overall driver-cable-compensator system function as a pure delay line, as 
illustrated by the pulse response oscilloscope photographs of Figure 3-32. The compensator 
printed wiring boards, located in the remote site unit, are designed to match to any length of 
coaxial line, within +152 meters, by arrangement of jumpers on the PWB. 


At the input to each line driver are adjustable limit-level and bottom-clip controls. 
Adjustable output level, or gain level, controls are also included. Thus, the nominal signal level, 
as well as the peak signal-to-rms-noise dynamic range, can be adjusted to match specific display 
characterstics. The bottom-clip circuit removes baseline noise so a wider signal dynamic Tange can 
be used. The output of each line driver in each processor is actively connected through diodes to 
the corresponding line driver in the opposite channel. Only the line drivers associated with the 


‘master (or active. -channel in nondiversity operation) are. in use. The opposite channel drivers aie, 2) 
disabled by an inhibit gate applied to the driver final ‘amplifier. This technique avoids the need 


for video coaxial relays which are more prone to failure than the solid-state approach. Each line 
driver has four outputs, including the output to the land line, one to the radar monitor display, 
one for an RML, if used, and a test signal. 
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Figure 3-32. Line Driver/Compensator Pulse Response 


12. Weather Background Circuits 


The weather background circuits can be selected to add a weather outline to the processor 
output video when the log-FTC-antilog video is selected. The weather background video is 
adjustable in amplitude relative to the log-FTC-antilog video to provide the operator with the 
proper contrast between operating video and background video. 


There are two display modes for the weather background. The first is merely a limited and 
adjustable display of the entire detected storm area. In this mode the operator views the 
complete weather video pattern at a reduced brightness. The second mode is an adjustable 
brightness contour or outline of the storm or weather video area. In this mode the operator 
views the outline ‘of the weather video pattern but is not distracted by the complete weather 
video pattern, which can compete with aircraft returns. 


The weather background signals are generated in the same manner in both the MTI and 
normal channels of the processor unit; however, the input videos to the background generators 
differ in some respects. In the normal video channel, the background is generated from the 
receiver logarithmic video, which is filtered to reduce the noise variation amplitudes. The filtering 
reduces the possibility of weather background false-alarm signals which would clutter the display, 
yet does not degrade the detection of the extended weather blocks themselves. The filter is 
designed with a time constant which matches the logarithm-FTC delay in the normal channel. 


In the MTI video channel, the background is generated from the output video of the 
canceller, but before the log function. At this point the video, which is in digital form, is 
converted to analog form to facilitate, the. weather background generation. Selectable scaling is 
accomplished at the point of conversion to analog voltage to normalize the: noise out of the 


canceller for all canceller modes of operation. After the. conversion and scaling, the video is’ 


filtered as in the normal channel to provide a video with reduced noise variations. The. first 
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portion of the background video generation circuits consists of variable threshold circuits. The 
filtered weather background video is presented to these circuits, and the threshold output signals 


are converted to a binary-coded signal. The threshold circuits are voitage*comparators with 2S 


adjustable reference voltages. The upper threshold, which is adjustable from 10dB above rms 
noise to the maximum input amplitude, is used for blanking. The other two independently 
adjustable thresholds are for top clipping and bottom clipping. They are adjustable from 0 to 
15 dB above rms noise. The fourth threshold is an intermediate threshold between the top- 
clipping and bottom-clipping thresholds and is used when the weather video output is 
reconstructed in a multiple-level form. 


The four possible modes of weather background ure: 
Mode 1—No blanking, quantize with bottom clipping 
Mode 2—Blanking, quantize with bottom clipping 
Mode 3—No blanking, top and bottom clipping 


° Mode 4—Blanking, top and bottom clipping 


Input videos, before and after filtering, as well as representative outputs for these four modes, 
are shown in Figure 3-33. The output waveforms are coded as 2-bit binary words and are then 
processed by the realignment logic. After realignment, the weather background signals are routed 
to the weather background variable digital-to-analog converter (DAC) and then to the summation 
circuitry. 


The weather background signals generated by the previously described circuits are summed 
with the respective video channel signals at preset variable levels which are selectable at the 
system control panel. This requires that the binary words be converted to analog voltages in a 
DAC. To provide the three selectable intensities of the background video, as well as ‘‘off,” the 
circuit is composed of three separate digital/analog ladder circuits driving one amplifier. Selection 
of the proper control lines provides three different intensities. In addition, an output adjustment 
on the amplifier permits setting of the maximum level from O to a level which will. match 
log-FTC-antilog video at the other input to the additive summation amplifier. 


13. Weather Channel 


A separate realigned log video output is provided from the processor to drive supplemental 
weather and/or signal processing equipments not supplied with the basic radar. The log IF 
module video output is first converted to a 7-bit digital word. A digital delay matches” the 
propagation delay through the MTI and normal processing circuits to maintain range alignment. 
The 7-bit digital word is then fed to a stagger realignment circuit, identical to the circuits used - 
for the signal realignment, to provide uniform repetition periods. After realignment, the signal is 
converted to analog form. An output amplifier with adjustable gain control provides the output 
signal, 


14. Sensitivity Time Control Generator 


Sensitivity time control (STG) and receiver sensitivity control are accamplished’ using PIN 
diode RF attenuators ahead of the parametric amplifier, as discussed in the receiver unit,. 
Section H.C. An all-digital STC function generator and sensitivity control located in the 
processor unit generates the exponential curves and bias value that control the RF attenuators. 
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Figure 3-33, Weather Background Modes Showing Representative Inputs and Outputs 


Considerable flexibility is incorporated in the design to facilitate matching of the STC 
characteristics to the-clutter problems of a particular site. This includes variable exponent 
control, variable initial attenuation value, and variable delay in starting the STC curve. For 
receiver sensitivity control, a fixed-attenuation bias is summed with the STC function. 
Figure 3-34 shows a simplified block diagram of the STC function generator. Two identical, but 
separate, function generators are included, one for the high-power (low-beam) receiver channel 
and one for the low-power (high-beam) receiver channel. By providing two independent function 
generators, complete flexibility is provided in matching the. STC. function to the clutter of the . 
particular anténna beam. Es a 
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Figure 3-34. STC Function Generator Simplitied Block Diagram 


Referring to Figure 3-34, the STC function generation begins with the forming of a digital 
logarithmic function. Range clocks are received from the synchronizer at the 2.1 5-MHz rate. This 
Clock is divided by 2 in frequency and applied to a variable delay timer. After the preset delay, 
the generator of the log function begins. The variable delay is set using the dual in-line switches 
mounted on the STC printed wiring boards. The basic log function is generated in base 2 and 
represents the unity exponential function. This basic function is then multiplied by a constant to 
change to base 10 and to select the exponent. This is based on the fact that multiplying the 
logarithm of a number by a constant is equivalent to raising that number to a power equal to 
the constant. The value of the range exponent can be varied using PWB dual in-line switches. 


After establishing the exponent, a variable initial-attenuation value is combined with the 
STC curve. Since attenuation must decrease with range, the STC log function js subtracted from 
the initial value. This effectively generates a function which varies with the inverse of range, 
raised to the power of the preset exponent, and beginning with the initial value of attenuation. 
As indicated above, the STC curve does not begin until after the preset digital delay. Thus, at 
sites where close-in clutter is extremely heavy, the attenuation can be kept constant at the initial 
value until the preset delay (range) is reached, and can then decrease with the selected power, or 
exponent, in range. The delay is variable from 1 to 100 ys and the initia! attenuation is 
adjustable from 0 to 40 dB. 


A variable receiver sensitivity control function can also be summed with the STC function. 
This control is implemented by adding an adjustable attenuation bias to the STC curve of 0 to 
40 dB. Thus, maximum gain corresponds to the 0-dB attenuation case, and minimum gain is the 
40-dB case. The sensitivity bias is additively combined with the STC function; but, since the 
attenuator is capable of 40-dB maximum attenuation, a clamp limits the composite signal to a 
level corresponding to “40 dB. Since varying the attenuation in front of the parametric amplifier 
changes the overall system noise temperature only slightly while directly attenuating signals, the 
receiver sensitivity is controlled. 


After the composite STC plus sensitivity control function is generated in digital form, a 
DAC converts the function to an analog voltage to apply to the RF attenuator. The DAC is 
located in the processor unit, and the final attenuator linearizer is an integral part of the 
attenuator in the receiver unit. 


15. Range-Azimuth Gate 


Another extremely useful feature, operationally, is the range-azimuth gate (RAG). It is 
extremely flexible and programmable in 28 different adjoining windows, 16 isolated windows, 6 
sectors, 4 strobes, and | trigger. Once the RAG is programmed at any given site, it will 
automatically maximize the efficiency of the clutter processing features of the radar for that 
particular site. 


As shown in Figures 3-35, 3-36, and 3-37, the optional RAG unit can gate MTI and normal 
video in 20 different adjoining range-azimuth windows and 0 to 16 isolated windows. In 
addition, in the dual-beam antenna configuration, high/low beam switching can be accomplished 
automatically in eight different adjoining windows and 0 to 16 isolated windows. As shown in 
Figures 3-35 and 3-37, the RAG unit can gate two different values of receiver gain in 0 to 16 
isolated windows and one noise signal generator gate. The 0 to 16 groups of isolated windows 
can be proportioned between the four functions as desired. 
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Figure 3-35. Range Azimuth Gate Generator Programming Options 
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Figure 3-36. Adjoining Video Gates Figure 3-37. Isolated Video Gates 
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Figure 3-38. Azimuth Nonstagger Gates , Figure 3-39. Noise Generator Gate 


As shown in Figures 3-35 and 3-38, the RAG unit can gate stagger/nonstagger PRF in 0 to 
6 sectors and two different STC curves in 0 to 6 sectors. These O to 6 groups of sectors can be 
programmed between the three functions as desired. As shown in Figures 3-35 and 3-39, the 
RAG unit can isolate one area for the noise generator. 


16. Maintenance and Built-In Test Equipment. 


The ASR-8 is designed to be easily maintained, including built-in test (BIT) function 
generators to aid in troubleshooting. All PWBs are accessible from the front of the cabinet and 
have card edge test pojnts. Most troubleshooting can be accomplished with the boards in place, 
using the provided test points. However, extender boards are provided so every board can be 
completely accessible while still plugged in. Since the boards are double-sided and not multilayer, 
all circuit points are thus available. 


The card rack connectors use wire-wrap interconnections. All racks are mounted to a hinged 
panel which swings open to make the wire-wrapped back connections readily accessible. Signals 
most often used in routine checking, such as triggers and video inputs and outputs, are available 
at BNC coaxial connectors on the front panel. Panel-mounted switches permit selection of all 
modes when the channel is off-line for chécking, adjustriient, and maintenance.. 

: 7 < a = - ts » 


To aid in routine checking and: troubleshooting in the processor unit, three BIT function 
generators are included. These circuits generate a swept-frequency signal -for displaying the 
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canceller responses, a linear ramp that can be made either fixed or optimum velocity, and test 
Pulses in the radar deadtime. The swept frequency circuit generates sine and cosine signals with 
frequency which is linearly swept across the doppler band. The linear ramp is available to drive 
the horizontal sweep of an oscilloscope so the response of the cancellers can be viewed. The 
quadrature combining circuit can also be checked. 


Teint Need 


A linear ramp video signal is generated to dynamically test the cancellation in the cancelier 
| circuit at all video levels (all bits). The ramp polarity can be made to alternate each radar period 
\ to simulate an optimum velocity moving target for all amplitudes. This permits viewing the 

operation of circuits following the cancellers. 


Fixed and moving test pulses are generated during deadtime each radar period so that the 
Processor performance can be monitored while the radar is operating. The optimum velocity 
moving target can be superimposed upon the fixed target, and attenuated by at least 40 dB, to 
test cancellation ratio. 


d 
j 


These BIT circuits, plus the provision of test points and outputs, make it possible to 
accomplish virtually all routine maintenance and troubleshooting with only an oscilloscope, 
precluding the need for unusual or specialized test equipment. 


Processor mode controls, test signal connections, power supply status lamps, and mcnitoring 
meter are all mounted to the upper portion of the swing-out panel near eye level. BNC coaxial 
cable connections are provided for monitoring video signals and radar triggers. 


E. CONTROL 


The ASR-8 control and status system contains four control and transfer units. Two are 
located at the radar head and are mounted in the cable junction box. Only one of the two is 
active. The second is a redundant unit which can be quickly placed on-line by switching the 
connecting cables between the two units. The second two control and transfer units are located 
at the ATC display equipment site. One is typically mounted near the master PPI display and the 
second in the support equipment or maintenance area. Both control and transfer units at the 
display site are active units. Of the three active units, only one is allowed control, but all units 
indicate system status. Transfer of control from one unit to another requires action by persons 
located both at the unit having control and at the unit desiring control. 


F. DISPLAY SITE REMOTE UNIT 


The display site.remote unit is located at the ATC display equipment site which can be 
\ located up to 6,100 meters from the radar head site. This unit is matched with the line driving 
} equipment at the radar head site and can compensate for any remoting cable length from 0 to 
6,100 meters and provides output distribution for video, trigger, and azimuth to PPI displays 
located up to 90 meters from the display site remote unit. The APG signals, MTI video, and the 
combined normal video and radar pretrigger enter the display site remote unit through BNC 

oe connectors on a connector panel assembly at the top ‘front of the cabinet. From the connector 

, panel, the video and trigger enter the: MTI line compensators where the video is shaped to” 

compensate for up to 6,100 meters of coaxial cable. From there the video-is routed to a selector 
switch on the front panel assembly where the operator may select the output for connection to 
the input of the distribution amplifiers. In the event an RML link is used instead of the landline, 
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it can be patched into the distribution amplifier. The outputs from the distribution amplifiers are 
available at the connector panel for connection to ATC display equipment. The trigger is 
separated and restored by the normal line compensators and fed through the front panel switches 
to the same distribution amplifiers. The APG signals are restored by the APG pulse shapers and 
routed through the front panel switches to the distribution amplifiers. From each distribution 
amplifier four ACP, four ARP, four trigger, two norma! video, and two MTI video isolated 
outputs are supplied at the connector panel. Maintenance outputs from the selected line 
compensators and APG pulse shaper are available at BNC connectors on both the connector 
panel and the front panel. Space is provided on the connector panel and in the PWB rack for the 
addition of a third distribution amplifier if it should become necessary to drive additional display 
equipment. 


1. Line Compensator 


There are essentially four building blocks associated with the line compensator assemblies; a 
‘common mode rejection amplifier at the input, compensation networks for 300-, 600-, 1,200-, 
and 2,000-meter cable lengths, fixed-gain buffer amplifiers between compensators, and a buffer 
driver at the output. The input signal is applied to the first amplifier where the 50- to 60-Hz 
common mode interference is balanced out. An adjustment is provided to compensate for the 
impedance differences between the inner and outer conductor for the associated landline to 
reduce the difference-mode pickup of 50- to 60-Hz interference. An adjustable capacitor is 
provided as a high-frequency balance adjustment at the input to the amplifier, allowing greater 
than 45dB of common mode rejection through the usable bandwidth of the amplifiers. 
Compensation networks between amplifiers are terminated in 500 ohms, and an adjustment 
provides the necessary gain depending on the length of landline cable compensated for. Each 
amplifier stage is a fixed-gain wideband amplifier. The output drivers for system video output 
and for maintenance video are buffer amplifiers capable of providing a 5-volt signal at the end of 
90 meters of 75-ohm coaxial cable terminated in 75 ohms. Lengths of cable can be compensated 
by grounding the appropriate compensation networks and opening their associated shorting 
terminals. To remove a compensation network from the circuit, the ground terminals must be 
opened and the bypass terminals must be shorted. Specific connections required for various 
lengths of cable are listed in the installation section of the system manual. The trigger signal is 
limited in amplitude throughout the amplifier chain and is taken off at the input to the last state 
amplifier. A comparator regenerates the trigger pulse and fires a one-shot to produce a 1.2 us 
pulse. The output of the one-shot drives two trigger-drivers, one for the system trigger output 
and one for maintenance, to produce a pulse with greater than 15 volts amplitude into a 75-ohm 
load. 


2. APG Pulse Shaper 


There are three basic building blocks for APG puise shaper: a line receiver, a pulse forming 
and inhibiting network, and output drivers. Integrated circuit line receivers accept differential 
APG signals from each radar channel and produce TTL logic levels at the output. A monostable 
multivibrator forms 23-us pulsewidths for the ACP and ARP signals at a frequency determined 


by the inhibit signal frequency and the inhibiting circuitry. The purpose of-the inhibiting. 


circuitry is to prevent noise from generating spurious ARP signals. The circuitry counts ACPs up 
to a preselected number between 4088 and 4095. When the selected number is reached, the 
count is stopped and a one-shot is fired when the next ARP appears. There are two independent 
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emitter-follower outputs for each signal, one for system use and one for maintenance. The 
drivers are designed to drive 75-ohm coax terminated in 75 ohms with an output pulse amplitude 
of 5 +1 volts and will not be damaged if shorted to ground. 


3. Distribution Amplifier 


Distribution amplifier assemblies amplify the outputs of the line compensator and APG 
pulse-shaper boards and provide ‘isolated outputs for driving several displays. The distribution 
amplifier boards contain three types of drivers: APG drivers, trigger networks, and video 
amplifiers. The APG drivers are identical to those on the APG pulse-shaper boards. There are 
four buffered outputs each for ACP and ARP. There are two sets of trigger networks, each 
having two isolated outputs with a- trigger amplitude greater than 15 volts. Normally, the same 
input signal will be applied to each network, but the networks may be used for two different 
triggers by rewiring the inputs. Each video amplifier consists of an input stage with a high 
impedance emitter-follower buffer at the input and two isolated output drivers with individual 

‘gain :controls. All outputs from the distribution amplifier are capable of driving up to 90 meters 
of RG-59 coax terminated in 75 ohms. All inputs to the board are terminated in 75 ohms so that 
any distribution amplifier may be removed from the display site remote unit without affecting 
the signals on another distribution amplifier. 


G. MAINTENANCE PLAN POSITION INDICATOR (MPPI) 


An all-solid-state 40-cm (16-inch) maintenance plan position indicator (MPPI) is supplied as 
a part of the ASR-8 radar system. This is a high-quality display which is sometimes used in the 
operations room for air traffic control purposes when automatic signal processing and alpha- 
numeric tag writing is not a requirement. The MPPI is supplied as a part of the radar system and 
is part of the built-in-test capability of the ASR-8 system. 


H. EQUIPMENT LAYOUT 


The design of Texas Instruments ASR-8 equipment has been. planned from the beginning to 
permit installation in either a Texas Instruments furnished transportable building or in a 
customer-furnished fixed-site building. In addition, each unit (cabinet) has been designed so as to 
permit installation against a wall (front access).or, if desired, in the. middle of a room. In the 
following sections, the equipment layouts proposed by Texas Instruments for transportable 
buildings and fixed-site buildings are briefly described. However, these are not the only possible 
configurations and it is possible to arrange the cabinets, waveguide runs, etc., to accommodate 


the special requirements of existing fixed-site radar buildings. The display site equipment is — 


generally installed in a display site building provided by the customer. 
1. Transportable Building Layout 


Two transportable building configurations are available to house the ASR-8 radar head 
equipment. One building is designed to be transportated by C-130 aircraft (Figure 3-40) or ocean 
ship. The second configuration. is used by “the FAA and is transportable. by ocean Ship. Both 
- buildings use sandwich-panel fiberglass construction because of its strength, low heat transfer, 
corrosion resistance, and ease of repair, as well as its superior performance in previous Texas 
Instruments manufactured radar systems. Radar equipment furnished in these buildings=will be 
completely installed, and tested before shipment from Texas Instruments. 
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Figure 3-40. C-130 Transportable Building 


Figure 3-41 shows an FAA dual-channel ASR-8 installed in a 7.3-meter (24-foot) wide by 
12.2-meter (40-foot) long by 3-meter (10-foot) high transportable building which consists of two 
identical modules, each 3.65 meters (12 feet) wide, joined together. A 7.3-meter (24-foot) wide 
by 2.2-meter (7-foot 2-inch) high opening along the center wall permits clear access to the two 
radar channels, each of which faces the 7.3-meter opening. As noted in Figure 3-41, the dashed 
lines show the locations planned for ancillary equipment typically associated with the ASR-8 
radar system. 


Figure 3-42 shows the air transportable configuration of the ASR-8 radar head equipment. 
The fiberglass building dimensions are 2.4 by 9.1 by 2.4 meters (8 by 30 by 8 feet). * 


2. Fixed Site Building Layout 


Figure 3-43 shows a proposed equipment layout for use in a fixed-site building. The intent 
is to maintain the same relative positions of channel B with respect to channel A as was used in 


the transportable building. By so doing, the waveguide runs between channels and to the antenna’ 


will be identical to those used in the transportable building. This eliminates the need for special 
parts in the waveguide runs and keeps spare parts and technical-manuals the same for both types 
of buildings, .. 2 .. hag keg eke Me Rat Ag steer The ees : : 
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‘ Figure 3-41. FAA Transportable Building Equipment Layout 
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Figure 3-42. Ais Trandportable Building Equipment Layout 
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Figure 3-43. Fixed-Site Equipment Layout (Typical) 
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The electronic distribution boxes, which are located in each building half in the 
transportable building configuration, have all been moved to one location as shown in 
Figure 3-43. Another change shown is in the elimination of the wireway duct runs except for 
two short runs, one over each channel. The reason for this is that cable runs in fixed-site 
buildings can be routed under a false floor as is often done in computer installations. 


I. TRANSPORTABLE BUILDING CONSTRUCTION TECHNIQUES 
1. General 


During the design phases of the ASR-8, Texas Instruments selected a foam and beam 
sandwich panel wall construction as the basic structural component for transportable buildings, 
meeting the FAA Specification. FAA-C-2507. This building construction technique, described in 
detail below, and shown in Figure 3-44, offers a high strength-to-weight ratio while employing 
economical and reliable construction materials. 


The technique described uses a rigid polyurethane foam core with plywood shins and a 
protective layer of fiberglass and gelcoat as the interior and exterior finish. 


2. Panel Construction 


The Texas Instruments building shell is erected from separately built walls, floor, and roof. 
The first step in the construction of such a component is the building of modular panels (1.22 m 
by 2.44m). The periphery of the panel is a framework of wooden studs, nailed and glued 
together. Plywood sheets are then stapled and glued to both sides of the framework to form an 
enclosed cavity which is filled with polyurethane foam during-an auto-froth self-ex panding 
injection operation. These foamed panels are then joined with nails and glue to form a wall, 
roof, or floor. The large assembled component is then sprayed automatically with chopped fibers 
and polyester resin to form the fiberglass shins. This fiberglass coating, in addition to adding 
strength and stiffness, forms a weatherproof layer over the wood. 


The design of members using sandwich construction is based on the principle that, in 
bending, the largest part of the load is carried near the extreme fibers of the beam and small 
bending stresses are developed near the neutral axis. This is shown in Figure 3-47 by the 
well-known I-beam principle: the facings of the sandwich structure act -as the flanges of an 
I-beam and the core is equivalent to the web. The resulting stressed-skin construction is capable 
of the highest strength-to-weight and rigidity-to-weight ratios presently available with ordinary 
design methods and materials. 


The thickness of both core and facings can be varied almost without limit to ensure that 


‘the building shell constructed from these panels will withstand imposed design loads. Sufficient 


plywood thickness on the inside skins of the wall, ceiling, and floor panels makes it possible to 
mount brackets, hangers, and equipment at practically any location without the use of special 
fasteners. 


The weight per square meter for several variations of the sandwich “panel is given in” 


~ Table 3-1. These values do not include- weights: of -the lumber studs which~ occur at joints 
between the plywood sheets, around the periphery of the panel, and around openings such as 
doors. ; 
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Figure 3-44. Texas Instruments Building Construction 
TABLE 3-1. TYPICAL WEIGHTS PER SQUARE METER OF VARIOUS PANELS 
(STUDS NOT INCLUDED) 
Material Used 
Outer Inner Kilograms Per Typical Use 
Outer Facing Plywood Skin Plywood Skin Inner Facing Square Meter in Building 
3.2 mm thick FG* 8.0 mm thick 19.0 mm thick 1.6 mm thick FG 24.71 Roof 
1.6 mm thick FG* 8.0 mm thick 8.0 mm thick 1.6 mm thick FG 15.50 Walls 
1.6 mm thick FG* 8.0 mm thick 28.6 mm thick 3.2 mm vinyl-asbestos tile 31.31 Floor 
*Fiberglass 


The composite facing material of plywood coated with a mixture of polyester resin and 
chopped fiberglass forms a strong, seamless, moisture-proof, dust-proof, and vermin-proof skin. 
The glass fibers are dispersed in a random array which provides a pleasing textured finish while 
simultaneously giving multidirectional strength and protection from pattern cracking. 


3. Doors 


Building doors are 4.4cm thick with an 1|8-gage steel face and fiberglass bat insulation used 
as core material. Door frames are 16-gage steel with locking corners. Doors and door frames are 
chemically cleaned and phosphatized before application of a baked-on primer and a finish coat. 
The door frames themselves are mortised, reinforced, drilled, and tapped at the factory to receive 
full mortised hinges and strikes. 


- Door locksets are the Best Universal Lock Company part number 7K7EA6AUS10. Exterior 
door weather stripping provides a continuous and effective seal against water, dust, air 
infiltration, and light -when the door is-closed and latched with the lockset.only.. The weather 
stripping fits tightly at corners to maintain continuity around the entire. periphery: ofithe doer. --° 
Installation is in accordance with manufacturer’s recommendations and the weather stripping is ~- 
not exposed in a way to make it susceptible to impact damage by traffic through the door. 
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Figure 3-45. Transition Between Buildings 


4. Openings 


Flat transition plates bridge the gap between modules at mating openings. The top surfaces 
of these plates are at the same level as the tile floor to permit smooth passage of wheeled 
-equipment. Figure 3-45 shows this concept. By notching the plywood HOOK: beneath the tile, 
such plates can easily be installed at the tile level. 


5. Finishes 


The finish coat applied over the fiberglass building skin is a catalyzed polyester coating 
called Gel Coat. This coating provides an ultraviolet shield and protects the polyester fiberglass 
against degradation by solar radiation. The coating is not susceptible to oxidation or corrosion 
and is long-lasting and maintenance free. 


Texas Instruments uses a white coating similar to color number 27875 of Federal Standard 
595a, Colors. This color is the same as that now supplied on ASR-7 transportable buildings. 


- On the building exterior, the white color used~on. walls, roof, and foundation will be 
highlighted by contrast with doors and trim items painted medium gray, sunita to color. number ~ 
16187 of Federal Standard 595. ~ 


The white finish on the interior walls and ceiling is applied to the textured surface of the 
fiberglass to form a pleasing, randomly arrayed face. This color provides excellent reflectance for 
lighting and makes the room appear larger and more open. In addition, it blends well with the 


3-70 Equipment Group 


green, brown, and gray of the floor tile, electronic equipment, and wireway duct and junction 
boxes. Both the interior and exterior fiberglass surfaces and the light-green vinyl-asbestos floor 
tile are simple to clean and maintain with ordinary soap and water. Because no fasteners 
protrude, continuous surfaces which are easily scrubbed, wiped, or swabbed keep maintenance 
costs at a minimum. 


6. Fire Resistance 
All materials used in the sandwich-panel construction are chemically treated to impart 
fire-retardant qualities in compliance with FAA specifications. Plywood, lumber, polyurethane 
foam, and fiberglass resins are treated to exhibit a flame spread rating of less than 25 when 
tested in accordance with ASTM E-84. All items of interior trim such as moldings, coving, floor 
tile, etc., will comply with applicable fire-resistance specifications for the particular material type 
selected. 


7. Heat Transmission 


The heat transmission coefficient of the completed panel is extremely low and considerably 
exceeds the specification requirement of 20.3 cal/s-cm?-°C (0.15 Btu/hr-ft?-°F). A “U” factor of 
12.2 cal/s-cm?-°C (0.09 Btu/hr-ft?-°F) is typical of a panel with 1.6 mm fiberglass facings and 
8.0 mm plywood skins inside and out. 


8. Environmental Control System 


The ASR-8 environmental control system is composed of the air conditioning, heating 
system and the emergency air exhaust system. Both systems are duplicated in each building 
section. Figure 3-46 is a line drawing of the air-conditioning concept used in the ASR-8. The 
cooling unit is designed to keep the building at 27°C and below with relative humidity less than 
50 percent, when the outside temperature is 33°C dry bulb and 28°C wet bulb. The heating unit 
is designed to keep the room temperature at 24°C when the outside temperature is —18°C. 


The air-conditioning and heating system operates in three distinct modes, two for cooling 
and one for heating, depending on outside conditions. 


When the outside temperature is above 10°C and cooling is required, the air-conditioner 

- compressor is energized and cooling is accomplished by conventional refrigeration cycle. Under 

these conditions, the outside air intake louvers remain closed, the return air louvers remain open, 
and the room air exhaust louvers remain closed. 


When the outside temperature drops below 10°C, the compressor is deenergized and cooling 
is accomplished by forcing cool outside air into the room. Under these conditions, the outside 
air intake louvers and the room air exhaust louvers adjust to an intermediate position, depending 
4 on the amount of cooling required and the temperature of the outside air. The return air louvers 
: adjust to a partially closed position. These modulating louvers maintain constant inside Dissure 

Ea. - ¢ and exhaust hot air. . - gine as : - os tne 


When room temperature drops below 24°C, the heating unit’ is energized. In the heating 
mode, the outside air intake louvers and the exhaust air louvers close and the return air louvers 
open. 
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Figure 3-46. Air Conditioning Concept 


The emergency air exhaust system is composed of an exhaust fan and louvers located in 
opposite ends of each room. In normal operating conditions, the louvers operate as exhaust but, 
under emergency conditions, they act as intake louvers. The system is designed to hold the inside 
room temperature to a maximum of 12°C above the outside temperature. When the inside 
temperature exceeds 35°C, the emergency air exhaust system energizes. The exhaust fan starts, 
the louvers open completely, and the outside air intake louvers open completely with the return 
air louvers remaining closed. Air is forced out of the building by the fan. Air enters through the 
open louvers and is forced into the building by. the air-conditioner supply fan. The compressor 

_ remains deenergized. Table 3-2 lists conditions during each of the modes. 


9. Environmental Conditions 


The Texas Instruments building has been designed to sustain the maximum stresses imposed 
by the following ambient service conditions without permanent deformation, damage or 
degradation of operation: 

Temperature —50° to +70°C 


Relative humidity 5 to 100 percent including condensation due to 
Ne temperature changes 

Wind velocity 100 mph (not including gusts) 

Roof snow load 40 psf a 


Seismic Zone 3 of Uniform Building Code 
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Environment Hail stones—% inch diameter 
Salt Spray 
Urban industrial fumes 
Fungus—as encountered in warm, humid atmosphere 
Wind borne sand and dust—as encountered in deserts 
and plains of Western U.S. 
Rain 


TABLE 3-2. ENVIRONMENTAL EQUIPMENT CONDITIONS 


Outside Temperature <10°C Outside Temperature > 10°C 

Unit <24°C 9 -24°-27°C —-27°-29°C— > 35°C <24°C = 24°-27°C —-27°-35°F = > 38°C 
AC compressor OFF OFF OFF OFF OFF OFF ON OFF 
Heaters ON OFF OFF OFF ON OFF OFF OFF 
Evaporator fan ON OFF ON ON ON OFF ON ON 
Inside air return louvers OPEN * = SHUT OPEN OPEN OPEN SHUT 
Outside air return louvers SHUT * ‘ OPEN SHUT SHUT SHUT OPEN 
Emergency air exhaust louvers SHUT * * OPEN SHUT SHUT SHUT OPEN 
Emergency exhaust fan OFF OFF OFF ON OFF OFF OFF ON 
Cooling thermostat OFF OFF ON ON OFF OFF ON ON 
Heating thermostat ON OFF OFF OFF ON OFF OFF OFF 
Outside air thermostat ON ON ON ON OFF OFF OFF OFF 
Emergency air exhaust OFF OFF OFF ON OFF OFF OFF ON 


thermostat 


*Louvers will be neither fully open nor fully closed but somewhere between the two extremes, 


J. REMOTING CABLES 


The radar system remoting cables are not provided as a part of the basic ASR-8 radar since 
the distance between sites and the method of interconnection is generally unique to each radar 
system installation. As described in Subsection III.F, the ASR-8 can compensate for any length 
of landline up to 6,100 meters maximum. Where it is necessary to separate the radar head site 
and display site by more than 6,100 meters, the interconnection of sites can be accomplished by 
radar microwave link. 


The usual method of interconnection is by underground landline, which can either be 
encased in conduit or directly buried. Generally, the direct burial cable is the most economical 
method and is the approach used when Texas Instruments provides the remoting cable. The 
direct burial cables should be equal or similar to those specified by FAA specifications 
FAA-E-2071 and FAA-E-2072. The cables specified are encased in an armor made of 0.152-mm 
copper clad steel or 0.254-mm annealed copper to prevent damage to the cable conductors as a 
résult of activity by termites or rodents. The cable can be filled with a moisture-resistant 
compound such as petroleum-polyethylene to provide a positive moisture barrier and increase the 


Additional physical and electrical characteristics are. listed in Table 3-3 for the three types 
of direct burial cables required. Should additional technical information be needed, Texas 
Instruments will be pleased to supply it. 


rrr rhe ene 
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Texas Instruments Part Number 


Purpose 
Conductor 
Insulation 


Cabling 
Shield 


Filler Compound 
Separator 


Armor* 


Outer Jacket 


Resistance 


Nominal Attenuation at 
.1 kHz/m 


Average Mutual Capacitance 
Pair/Meter 


Dielectric Withstanding Voltage 


3 Seconds 


Conductor to Conductor 


Conductor to Shield 


Impedance 


50-Pair 


808031 


Control and read-back 
signals 


Bare solid copper wire, 
19 AWG 


High-molecular-weight 
polyethylene 


Twisted pairs 


Moisture-resistant compound 
Tape nonhygroscopic 


0.152-mm copper-clad steel 
or 0.254-mm annealed 
copper 


High-molecular 
polyethylene 


8.73 ohms maximum 
0.0073 dB 


0.052 pF 


4,500 Vdc 
10,000 Vdc 


*Not required for conduit burial cables. 


TABLE 3-3. DIRECT BURIAL CABLE CHARACTERISTICS 


Type of Cable 
12-Pair 


808032 


Azimuth and intercom 
data 


Bare solid copper wire, 
19 AWG 


High-molecular-weight 
polyethylene 

Twisted pairs 

Each pair shielded 


Moisture-resistant compound 
Tape nonhygroscopic 
High-molecular-weight 
polyethylene 

0.152-nim copper clad steel 
or 0.254-mm annealed 
copper 


High-molecular * 
polyethylene 


8.73 ohms maximum 


0.0073 dB 


0.052 pF 


4,500 Vdc 
10,000 Vdc 


RG-ILA/U Coax 


808030 
Video and trigger 


Seven-strand tinned copper 
wire, 0.4-mm diameter 


Low-density polyethylene, 
7,24-mm diameter 


Single braid 33 AWG 
copper wire 


0.152-mm copper clad steel 
or 0.254-mm annealed 
copper 


High-molecular * 
polyethylene 


1.57 dB/m/4000 MHz 
5.6 dB/m/3000 MHz 


6.22 pF/cm 


4,500 Vdc 
10,000 Vdc 
7S +3 ohms 


For telephone and coax cables installed in underground conduit, the electrical requirements 
are the same and the physical characteristics are similar with the exception of the armor. For 
underground conduit, an aluminum armor (shield) will be. applied over the core wrap of the 
telephone cable so that it is completely covered. The armor can be applied helically or 
longitudinally. The armor thickness will be 0.20 mm thick. In an underground conduit coax 


cable, 
SeHnlaclory, 


the armor and outer jacket are not necessary; a standard RG-11A/U coax cable is 


The ASR- 8 and a typical SSR remoting signal requirement are summarized as follows: 


Control and readback (75 conductors required for ASR-8 and. 13 to 33 conductors for | 
typical SSRs)—A 75-pair, No. 19 AWG telephone cable would cover this require- 
ment and provide 42 to 62 spare conductors. If an SSR system is not considered, 
the ASR-8 requirement of 75 conductors can be covered by a 50-pair, No. 19 
AWG telephone cable. This will provide 25 spare conductors for future use and/or 
failed conductor substitution. 


3-74 


Equipment Group 


rm nie “ 
Aaa’ : 
wf 

reed : 


® 


Intercommunication and azimuth data (six pairs required)—One 6-pair twisted and. | 
shielded, No. 19 AWG telephone ‘cable is adequate; however, it is good engineering 
practice to provide spare conductors. Therefore, a 12-pair, twisted, individually 
shielded telephone cable is recommended. 


Video and trigger (three coax cables requiredj—Three each RG-11A/U coaxial cables 
are required, two for the ASR-8 and one for the SSR. However, to provide a 


Spare signal path in the event of a cable failure, four each RG-11A/U coaxial 
cables are recommended. 


System ground (one each, No. 2 AWG, stranded, annealed copper wire). 


Figure 3-47 shows photographs of the three direct burial cables. Table 3-4 shows the 
quantity of the conductors used, origin and designations of each conductor, and the. signal 
identification. Figure 3-48 provides the information for the cable termination hardware. 


K. TEST EQUIPMENT AND SPECIAL TOOLS 


The test equipment recommended to support the proposed equipment is listed in Table 3-5. 
This list of equipment is completely suitable for the day-to-day system maintenance. The FAA 
uses the same units, or their equivalent, in maintenance of their terminal control radar systems. 
This same list of equipment is also adequate for the installation checkout of the system. 


All special tools required for system maintenance are supplied as a part of the radar system. 


All other tools required are typical to 4 good electronic repair facility and are readily available 
through various commercial: sources. : 


L. SYSTEM POWER REQUIREMENTS ~ 


The normal power consumption of the ASR-8 dual-channel radar system is 32 kW. Table 3-6 
gives additional power requirements for equipment normally associated with the ASR-8 radar 
system and installed at the transmitter site. - 


eee 
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A. ARMORED TELEPHONE CABLE (TWISTED PAIRS, OIRECT BURIAL) 


Sony 


ade 
5 ae Po” 


B. ARMORED TELEPHONE CABLE (SHIELDED, TWISTED PAIRS. DIRECT BURIAL) 


VEN PTA teeth 


C. ARMORED COAXIAL CABLE. RG-11A/U (OIRECT BURIAL) Ou 
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Figure 3-47. ASR-8 Remoting Cables 
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Wire 

No. Description 
1 No. 19 AWG 
2 No. 19 AWG 
3 No. 19 AWG 
4 No. 19 AWG 
5 No. 19 AWG 
6 No. 19 AWG 
7 No. 19 AWG 
8 No. 19 AWG 
9 No. 19 AWG 
10 No. 19 AWG 
11 No. 19 AWG 


12 No. 19 AWG 
13 No. 19 AWG 
14 No. 19 AWG 
15 No. 19 AWG 
16 No. 19 AWG 
17 No. 19 AWG 
18 No. 19 AWG 
19 No. 19 AWG 
20 No. 19 AWG 
21. No. 19 AWG 
22 No. 19 AWG 
23 No. 19 AWG 
24 No. 19 AWG 
25 No. 19 AWG 
26 No. 19 AWG 
27 No. 19 AWG 
28 No. 19 AWG 
29 No. 19 AWG - 
30 No. 19 AWG 
31 No. 19 AWG 
32 No, 19 AWG 
33 No. 19 AWG 
34 No. 19 AWG 


LC 


TABLE 3-4. WIRE SPECIFICATIONS 


Component 
_ Connection 
for Start 
Station 
A20A1A1TB2-14 
A20A1A1TB2-15 
A20A1A1TB2-16 
A20A1A1TB2-17 
A20A1A1TB2-18 
A20A1A1TB2-19 
A20A1A1TB2-20 
A20A1A1TB2-21 
A20A1A1TB2-22 
A20A1A2TB2-14 
A20A 1A2TB2-15 
A20A1A2TB2-16 
A20A1A2TB2-17 
A20A1A2TB2-18 
A20A1A2TB2-19 
A20A1A2TB2-20 


A20A1A2TB2-21- 


A20A1A2TB2-22 
A20A1A3TB2-14 
A20A1A3TB2-15 
A20A1A3TB2-16 
A20A1A3TB2-17 
A20A1A3TB2-18 
A20A1A3TB2-19 
A20A1A3TB2-20 
A20A1A3TB2-21 
A20A1A3TB2-22 
A20A1A4TB2-14 
A20A1A4TB2-15 
A20A1A4TB2-16 
A20A1A4TB2-17 
A20A1A4TB2-18 
A20A1A4TB2-19 
A20A1A1TB2-1 

A20A1A1TB2-2 

A20A1A1TB2-3 


A20A1A1TB2-4 _ 


A20A1A1TB2-5 
A20A1A1TB2-6 
A20A1LAI1TB2-7 
A20A1A1TB2-8 


Component 
Connection 
for Finish 
Station 

A2A4A1TB2-1 
A2A4A1TB2-2 
A2A4A1TB2-3 
A2A4A1TB2-4 
A2A4A1TB2-5 
A2A4A1TB2-6 
A2A4A1TB2-7 
A2A4A1TB2-8 
A2A4A1TB2-9 
A2A4A1TB2-10 
A2A4A1TB2-11 
A2A4A1TB2-12 
A2A4A1TB2-13 
A2A4A1TB2-14 
A2A4A1TB2-15 
A2A4A1TB2-16 
A2A4A1TB2-17 
A2A4A1TB2-18 
A2A4A1TB2-19 
A2A4A1TB2-20 
A2A4A2TB2-1 
A2A4A2TB2-2 
A2A4A2TB2-3 
A2A4A2TB2-4 
A2A4A2TB2-5 
A2A4A2TB24 
A2A4A2TB2-7 
A2A4A2TB2-8 
A2A4A2TB2-9 
A2A4A2TB2-10 
A2A4A2TB2-11 
A2A4A2TB2-12 
A2A4A2TB2-13 
A2A4A2TB2-14 
A2A4A2TB2-15 
A2A4A2TB2-16 


__- A2A4A2TB2-17 


A2A4A2TB2-18 
A2A4A2TB2-19 
A2A4A2TB2-20 
A2A4A3TB2-1 
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Identification 
CH A ON/OFF LINE 
CH B ON/OFF LINE 
HV ON/OFF A 
HV ON/OFF B 
ANTENNA ON/OFF 
RELEASE CONTROL 
TAKE CONTROL CP2 
TAKE CONTROL CP3 
ANTENNA POLAR 
SPARE 1/2 


. SPARE 3/4 


RCVR SEN MAX 
RCVR SENS 1 
RCVR SENS 2 
RCVR SENS 3 
RCVR SENS 4 
RCVR SENS 5 
RCVR STC OFF 
RCVR STC 1 
RCVR STC 2 
RCVR STC 3 


NORM VID/LOG VID 


NORM ENH ON/OFF 
MTI VID ON/OFF 
MTI ENH ON/OFF 
MTI WEA OFF 

MIT WEA 1 

MTI WEA 2 

MTI WEA 3 

NORM WEA OFF 
NORM WEA 1 
NORM WEA 2 
NORM WEA 3 

CH A ON/OFF LINE 
CH B ON/OFF LINE 


HV ON/OFF A 
- ‘HV ON/OFF:-B.. - | 


CH ALARM A 


CH ALARM B 
CH A READY 
CH B READY 


Equipment Group 
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Wire 


Description 


No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 
No. 19 AWG 


Cable, twisted pair 


No. 19 blue 
No. 19 white _ 
Shield 


Cable, twisted pair 


No. 19 blue 
No. 19 white 


TABLE 3-4. WIRE SPECIFICATIONS (Continued) 


Component 
Connection 
for Start 
Station 


A20A1A1TB2-9 
A20A1A1TB2-10 
A20A1A1TB2-11 
A20A1A1TB2-12 
A20A1A1TB2-13 
A20A1A2TB2-1 
A20A1A2TB2-2 
A20A1A2TB2-3 
A20A1A2TB2-4 
A20A1A2TB2-5 
A20A1A2TB2-6 
A20A1A2TB2-7 
A20A1A2TB2-8 
A20A1A2TB2-9 
A20A1A2TB2-10 
A20A1A2TB2-11 


A20A1A2TB2-12 - 


A20A1A2TB2-13 
A20A1A3TB2-1 
A20A1A3TB2-2 
A20A1A3TB2-3 
A20A1A3TB24 
A20A1A3TB2-5 
A20A1A3TB246 
A20A1LA3TB2-7 
A20A1A3TB2-8 
A20ALA3TB2-9 
A20A1A3TB2-10 
A20A1A3TB2-11 
A20A1A3TB2-12 


A20A1A3TB2-13 
‘A20A1A4TB2-1 


A20A1A4TB2-2 
A20A1 A4TB2-3 
A2A4A5TB2 
A2A4ASTB2-1 
A2A4A5TB2-2 
A2A4TB7 
A2A4ASTB2 
A2A4ASTB2-3 
A2A4A5TB2-4 


Component 
Connection 
for Finish 
Station 


A2A4A3TB2-2 
A2A4A3TB2-3 
A2A4A3TB2-4 
A2A4A3TB2-5 
A2A4A3TB2-6 
A2A4A3TB2-7 
A2A4A3TB2-8 
A2A4A3TB2-9 
A2A4A3TB2-10 
A2A4A3TB2-11 
A2A4A3TB2-12 
A2A4A3TB2-13 
A2A4A3TB2-16 
.2A4A3TB2-15 
A2A4A3TB2-16 
A2A4A3TB2-17 
A2A4A3TB2-18 
A2A4A3TB2-19 
A2A4A3TB2-20 
A2A4A4TB2-1 
A2A4A4TB2-2 
A2A4A4TB2-3 
A2A4A4TB2-4 
A2A4A4TB2-5 
A2A4A4TB26 
A2A4A4TB2-7 
A2A4A4TB2-8 
A2A4A4TB2-9 
A2A4A4TB2-10 
A2A4A4TB2-11 
A2A4A4TB2-12 
A2A4A4TB2-13 
A2A4A4TB2-14 
A2A4A4TB2-15 
A20A1ASTB2 
A20A1ASTB2-1 
A20A1LASTB2-2 
A20A1TB10-1T 
A20A1ASTB2 
A20A1A5TB2-3 
A20A1A5TB2-4 


3-78 


Identification 


NO CONTROL A 

NO CONTROL B 
ANTENNA ON/OFF 

IN CONT/NO CONT CP2 
IN CONT/NO CONT CP3 


' CIRC POLAR 


LIN POLAR 
SPARE 1/2 

SPARE 3/4 

RCVR SENS MAX 
RCVR SENS 1 

RCVR SENS 2 

RCVR SENS 3 

RCVR SENS 4 

RCVR SENS 5 

RCVR STC OFF 

RCVR STC 1 

RCVR STC 2 

RCVR STC 3 

NORM VID/LOG VID 
NORM ENH ON 

MTI VID/MT1 LOG VID 
MTl ENH ON 

MTI WEA OFF 

MTI WEA 1 

MTI WEA 2 


_ MTL WEA 3 


NORM WEA OFF 
NORM WEA 1 
NORM WEA 2 
NORM WEA 3 
MASTER DIV ON A 
MASTER DIV ON B 
RELEASE CONT 
INTERCOM 1 
INTERCOM | HI 
INTERCOM 1 LO 
CHASSIS GND 
INTERCOM 2 
INTERCOM 2 HI 
INTERCOM 2 LO 


of 


ee 
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Wire 
No. 
178 
78 
718A 
78B 
78S 
719 
TIA 
79B 
798 
80 
80A 
80B 
80S 
81 
81A 
81B 
81S 
82 


83 


84 


Description 
Shield 
Cable, twisted pair 
No. 19 blue 
No. 19 white 
Shield 
Cable, twisted pair 
No. 19 blue 
No. 19 white 
Shield 
Cable, twisted pair 
No. 19 blue 
No. 19 white 
Shield 
Cable, twisted pair 
No. 19 blue 
No. 19 white 
Shield 


RG-11A/U, coaxial 
cable 


RG-11A/U, coaxial 
cable 


No. 2 AWG 


TABLE 3-4. WIRE SPECIFICATIONS (Continued) 


Component 

Connection 
' for Start 

Station 

A2A4TB7 
A2A4ASTB2 
A2A4AS5TB2-5 
A2A4A5TB2-6 
A2A4TB7 
A2A4ASTB2 
A2A4ASTB2-7 
A2A4ASTB2-8 
A2A4TB7 
A2A4ASTB2 
A2A4AS5TB2-9 
A2A4ASTB2-10 
A2A4TB7 
A2A4ASTB2 
A2A4A5TB2-11 
A2A4ASTB2-12 
A2A4TB7. 
P3(A2A4J31) 


P4(A2A4J32) 


A2A4TB7 


: ‘Component 

_ Connection 

’ for Finish 
Station 

A20A1TB10 

A20A1ASTB2 

A20A 1LASTB2-5 

A20ALASTB24 


A20A1TB10 


A20A 1ASTB2 
A20A1A5STB2-7 


A20A1 ASTB2-8 
“A20A1TB10 


A20A1ASTB2 
A20A1ASTB2-1 
A20A1ASTB2-10 
A20A1TBLO 
A20A1LASTB2 
A20A1ASTB2-11 
A20A1ASTB2-12 
A20A1TB10 
P2(A20A1517) 


P4(A20A1516) 


A20A1TB10 


Signal 
Identification 

CHASSIS GND 
ACP 1 

ACP 1 HI 

ACP 1 LO 
CHASSIS GND 
ACP 2 

ACP 2 HI 

ACP 2 LO 
CHASSIS GND 
ARP 1 

ARP 1 HI 

ARP 1 LO 
CHASSIS GND 
ARP 2 

ARP 2 HI 

ARP 2 LO 
CHASSIS GND 
NORMAL VID 


MTI VID 


CHASSIS GND 


REF 
VIDEO 


VIDEO 


GROUND 


SSS sso hs eh, 
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(0 Snlo RG-11A/U COAX 
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TYPE C MALE CONNECTORS 


TERMINALS WITH 0. 74-CM MAXIMUM 
OUTSIDE DIAMETER AND 
0.37-CM DIAMETER HOLE 
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Figine 3-48. Land Lines from Transmitter Site Room “A Cable Junction Box A2 : : ‘ Pet Bs PGR ae! Cie 
(CBJ A2) to Display Site Cable Junction Box A20 (CBS A20) ~ - Sige : 


erm Si IS SD 
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TABLE 3-5. TEST EQUIPMENT FOR SYSTEM MAINTENANCE AND TEST 


Description 


OSCILLOSCOPE 
Oscilloscope, Tektronix, Model 475 
Probe P6063B, 010-6063-13 
Probe P6106, 010-6 106-03 
Current Probe P6021, 010-0237-02 
Current Probe Amplifier, 134, 015-0057-02 
Cart 200C 


POWER METER 
Power Meter, Hewlett-Packard, HP435A 
Power Sensor, Hewlett-Packard, HP8481A 


FREQUENCY METER 
Frequency Meter, Hewlett-Packard, HPS36A 


DIGITAL MULTIMETER 
Multimeter, Hewlett-Packard, HP3466A, OPOO1 
High Frequency Probe, HP11096B 


SPECTRUM ANALYZER 
Analyzer, Hewlett-Packard, HP8565A 


ELECTRONIC COUNTER 
Counter, Hewlett-Packard, HPS300A 


SIGNAL GENERATOR (UHF) 
Signal Generator, Hewlett-Packard, HP8616A 
Modulator, HP8403A, Option 3 


CRYSTAL DETECTOR 
Crystal Detector, Hewlett-Packard, HP423A 
Crystal Detector, Hewlett-Packard, HP8472B 


LIMITER 
Limiter, Hewlett-Packard, HP11693A 


NOISE FIGURE METER 
Noise Figure Meter, Airborne Instruments Lab, 07511-C-020 
Noise Source, 230450 


FCHO BOX 
Echo Box, Nuclear Instruments Corp., TS270A/UP 


MULTIMETER 
Multimeter, Triplett, Model 630NA 


SWEEP GENERATOR 
Sweep Generator, Wavetek, 2001B 


STEP ATTENUATOR 
Step Attenuator, Hewlett-Packard, HP355C 


STEP ATTENUATOR 
Step Attenuator, Hewlett-Packard, HP355D 


PULSE GENERATOR 
Pulse Generator, Datapulse, Model 110B 


ATTENUATOR - —- @* 7 mo 


Attenuator Set, Hewlett-Packard, HP11581A, Option 3 | 
Attenuator Set, Hewlett-Packard, HP11581A, Option 6 
Attenuator Set, Hewlett-Packard, HP11581A, Option 10 
Attenuator Set, Hewlett-Packard, HP11581A, Option 20 
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TABLE 3-44. TRANSMITTER SITE EQUIPMENT POWER CONSUMPTION 


Power Requirement 


Item , (kW) 

ASR-8 dual channel 32.0 
SSR system 3.0 
House lights and utility outlets ; 3.0 
Convenience outlets for test equipment —_- 2.0 
Air condition and reserve for future expansion : 26.0 
Total power requirements at 120/208 V, 3 phase 66.0 
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SECTION IV 
RELIABILITY AND MAINTAINABILITY 


The ASR-8 system is a solid-state, pulse-modulated, S-band radar. The system includes 
digital MTI, capable of operation in both Staggered and unstaggered modes. A dual-beam antenna 
Provides extended low-angle coverage and improved short-range signal-to-clutter ratio. Circular 
polarization and log receivers provide improved operation under adverse weather conditions. The 
ASR-8 system design also provides for simultaneous Operation of both channels in a frequency- 
diversity mode. Digital video enhancers for both MTI and normal video are provided to improve 
signal-to-noise ratio. Modular construction is used extensively to facilitate maintenance. ASR-8 
reliability is enhanced by solid-state design throughout the system except for the klystron. The 
level of reliability achieved by solid-state design is complemented by redundant antenna drive 


components, a dual-feed assembly, and redundant azimuth pulse generators. 
A. RELIABILITY 
1. Reliability Experience 


For the past 18 years, thousands of military and civilian operations have been flown safely 
in terminal areas in the United States and throughout the world because of the high availability 
factor of Texas Instruments manufactured ATC equipment. The proven availability factor for the 
AN/FPN-47, ASR-4, ASR-5, ASR-6, ASR-7, and AN/GPN-12 is 0.9971 (national average 
dual-channel), based on well over 1,000 system years of operation. The ASR-7 field experience 
has reflected an average part failure rate of 0.114 X1076 failure per hour for a 10,000 
part/channel-or an indicated single-channel field demonstrated MTBF of 877.2 hours. 

The most recent addition to the Texas Instruments developed and manufactured ATC 
equipment is the ASR-8 for which, in early 1975, formal reliability and maintainability. 
demonstration testing was completed. 


2. Reliability Design and Test 


The reliability program for the ASR-8 was planned and implemented to comply with the 
. requirements of FAA-E-2506, FAA-G-2100/ 1b, MIL-STD-785, and MIL-STD-781B, and included 
the following items. » 


a. Reliability Design 


During the development phase of the ASR-8 program, reliability human factors, and safety 
were an integral part of the design task, the ultimate goal being to produce, for the FAA and 
world market, an air traffic control radar with demonstrated reliability and maintainability at a 
competitive cost. _ 


(1) Stress Analysis - ee patho Ghee 
An electrical-mechanical stress analysis was performed in accordance with Equipment Group 


Reliability Standards and FAA-E-2506 and was based on the following conservative assumptions: 
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continuous operation, maximum load, 15°C average equipment thermal rise, maximum voltage 


input, and specific thermal measurements for detailed rise above the equipment normal ambient 
of 25°C, 


(2) Stress Verification Test 


Detailed analytical stress analysis results were verified by the performance of a rating 
verification test per FAA-G-2100/1b wherein voltage, current, power dissipation, and temperature 
measurements were made on 10 percent of all of the components within the ASR-8. 


(3) Reliability Prediction 


The prediction procedure on the ASR-8 was based on the premise that subsystem failures 
are the result of random part failures. The numerical reliability prediction was determined from 
the number of part failures anticipated as a function of time. Part failures were assumed to occur 
at random intervals and at a constant rate over the time period of interest. This assumption 
permits the use of the exponential distribution and addition of failure rates for series elements in 
calculating subsystem MTBFs and probability of survival for discrete time intervals. 


Component failure rates used to calculate subsystem reliability were based on average 
ASR-8 applied stress levels at a room ambient temperature of 25°C, except for antenna failure 
rates which were based on a temperature of 50°C plus rise. Failure rates for individual electrical 
and electromechanical part types were dened from RADC Notebook, Volume II, (TR-67-108) 
(AD-821 640). 


Prediction results indicated compliance with MTBF requirements as follows: 


Predicted MTBF Required MTBF 
(Hours) (Hours) 
Simplex system (excluding antenna) 663 600 
Dual ASR (excluding antenna) 14,286 . 10,000 


Antenna 14,641 10,000 
(4) Failure Mode and Effects Analysis (FMEA) 


. A FMEA was performed to identify critical failure modes and correct them and to identify 
alternate modes with reduced capability for remedial action to be taken by the operator. 


(5) Parts Control 


A parts control effort was planned and implemented to ensure maximum use of standard 
parts to be consistent with a design-to-cost program. Standard parts are military preferred 
MIL-STD-701/MIL-STD-19500/MIL-STD-883 and MIES TDs: Equivalent conditioning was 
performed on parts not available as lua preferred. 


ae eee! ey ree et 2 ¢ a ee oes 


3. Reliability Demonstaton: Test 

The ASR-8 reliability demonstration test was run under the continuous monitoring of the 
Federal Aviation Administration to test Plan III, Test Level A-1, of MIL-STD-781B to demon- 
strate compliance with a specified single-channel requirement of 600 hours mean time between 
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failures (MTBF). This test was successfully run on System No. 1, a dual-channel ASR-8 system 
using both channels simultaneously for an accumulative failure-free test time of 1,320 hours. 
Texas Instruments continued this same system under test to complete 3,727 T/R observed 
channel hours with no relevant failures, demonstrating a single-channel MTBF of 4,073 hours at 
60-percent confidence. The antenna, rotary joint, and pedestal for the ASR-8 have continued 


testing to accumulate over 8,000 test hours with no relevant failures, demonstrating an MTBF of 
8,743 hours at 60-percent confidence. 


The test was conducted at the Texas Instruments, Plano, Texas, facility in February 1975 
on the first of the deliverable ASR-8s. The test plan, shown in Figure 4-1, indicates the 
acceptance point at 1,320 hours and the final equipment hours of 3,727 hours after all type, 


reliability demonstrations, maintainability demonstrations, installation, and acceptance test hours 
were accumulated: 


No failures, either relevant or nonrelevant, were observed during the reliability demon- 
stration test, except for one nonessential-redundant, 60-watt incandescent building light bulb. 
During the test, one preventive maintenance task was performed, waveguide pressurization freon: 
bottle refill. No corrective action tasks occurred or were allowed. Redundant pulse modules that 
could fail without causing system degradation were excluded from preventive action tasks. 


Figures 4-2 and 4-3 are copied from the Reliability Demonstration Test Report for Airport 
Surveillance Radar, ASR-8, Transmitter-Receiver (T/R) Subsystem P/N 826915-1, dated 
14 March 1975, prepared for the FAA on contract No. DOT FA68WA-1965, Mod. 67. 
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Figure 4-1. Accept-Reject Criteria 
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Figure 4-2. Summary of RDT Results 
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Figure 4-3. ASR-8 RDT Discrepancy/Preventive Maintenance Distribution 


B. MAINTAINABILITY 
1. Maintainability Experience 


Formal maintainability demonstrations were not required on any of the various ASR models 
manufactured by Texas Instruments earlier than the ASR-8 radar. However, the reliability 
experience cited in previous paragraphs is proof of the maintainability of these systems. No 
specific data relative to mean time to repair (MITTR) have been accumulated in the field; 


however, extrapolated time from existing field data indicates a mean downtime of 2.5 hours for 
preventive, corrective, and administrative reasons on earlier equipment. 


2. Maintainability Design 


A formal maintainability program .was planned and: implemented on the ASR-8 in - 
accordance with FAA-2506, FAA-G-2 100/14, MH-STD-476 and MIL-STD474%-"- °° 
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a. Maintainability Design 

During the development phase of the ASR-8, the maintenance concept was defined and . 
Program guidelines were issued to ensure that the specified meantime to repair could and would 
be met. The corrective maintenance philosophy is one of replacement of defective modules of PC 
card units with subsequent off-line repair of defective items. BIT is used to identify failed 
elements. 


b. Maintainability Prediction and Apportionment 


Mean corrective maintenance times were predicted, based on expected failure patterns, and 
maintenance tasks were apportioned down. to the lowest replaceable unit. The design was 
reviewed and changed as necessary to ensure that these times were met in the apportioned. limits. 
Preventive maintenance tasks were identified and scheduled; times were estimated. These 
predicted times were used in design reviews to change and influence design and packaging 
approaches. 


c. Hardware Review 


As equipment was developed and engineering models were produced, maintainability 
reviewed the hardware for removal and replacement times, tools required, fault indicators, and 
BIT. This review continued during all development tests, reliability demonstration tests, and 
acceptance tests before the maintainability demonstration test was to start. 


dad. Maintainability Features 


The ASR-8 radar is designed to be easily maintained, including built-in test function 
generators to aid troubleshooting. All PWBs ‘are accessible from the front of the cabinets and 
have card-edge test points and adjustments. Most troubleshooting can be accomplished with the 
boards in place, using the provided test points. However, extender boards are provided so every 
board can be completely accessible while plugged in. The boards: are double-sided and all circuit 

' points are accessible. 


The card rack connectors use wire-wrap interconnections. All racks are mounted to a hinged 
panel which swings open to make the back connections readily accessible. Signals most often 
used in routine checking, such as triggers, video inputs, and outputs, are available at BNC coaxial 
connectors on the front panels. Panel-mounted switches permit selection of all modes when the 
channel is off-line for checking, adjustment, and maintenance. 


BIT functions including sweep frequencies, linear ramp, sine and cosine signals, linear ramp 
video, and fixed and moving test targets make it possible to accomplish virtually all routine 
maintenance and troubleshooting with a minimum amount of external general test equipment. 
This precludes the need for unusual or specialized test equipment. Panel meters, signal selector 
; switches, and fail indicators are used extensively throughout the system to provide rapid fault 
isolation to,PWB or module. ciel Aigala a 


(1) Transmitter Unit te _ Me 


The transmitter unit is designed for ease of maintenance, featuring front access to all 
components, card-edge test points, swing-out panels for ease of access, and individually 
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removable components. All meter-status lights and controls are mounted at a convenient height 
on the swing-out front panel. All PWBs plug into card racks from the front. _ a 


Eight transmitter parameters, including HVPS overvoltage, HVPS undervoltage, HVPS 
overcurrent, HVPS undercurrent, modulator inverse current, modulator driver overload, tube 
temperature, and tube airflow are continuously monitored by automatic fault-detection circuits. 
The faults are grouped into two categories: three-times (3X) faults and one-time (1X) faults. 
When a 3X fault occurs, the transmitter HVPS will shut down and then turn back on. If the 
fault clears, the transmitter will continue to operate and a fault indicator will indicate which 
fault occurred. If after three attempts the fault does not clear, the transmitter will shut down 
permanently and the failure alarms will be activated. A 1X fault is considered potentially 
damaging to the transmitter, which is immediately shut down with no recycling and the 
appropriate fault indicator lamp turns on. 


The status of all low-voltage power supplies is indicated by lamps on the swing-out front 
panel. 


(2) Receiver Unit 


Special emphasis in the receiver unit mechanical packaging has been placed on ease of access 
for good maintainability. The microwave components are mounted in the open area at top of the 
cabinet and the IF module is in the lower swing-out panel. The receiver output part of the 
circulator is connected to the receiver cabinet by a waveguide through a special bulkhead 
adapter. Inside the cabinet, the TR limiter is mounted to the waveguide and a waveguide-to- 
coaxial transition connects to coaxial cable. The -TR-limiter is readily accessible and easy to 
replace. The PIN diode RF attenuator and beam switch mount to brackets between the TR 
limiter and parametric amplifier. The items are easily removed by disconnecting coaxial cable and 
removing the mounting screws. 


The parametric amplifier is mounted on a swing-out panel at the front of the cabinet. The 
STALO unit is mounted on the upper left wall and is shockmounted to a support table. The 
entire STALO assembly can be easily removed from the cabinet by disconnecting the coaxial 
cables and the power cables and by removing the mounting screws. 


The MTI, IF, LOG IF, AFC, COHO and LOG test modules are mounted in a swing-out 
front panel. Signal and power connectors are mounted on the rear of the module. Slides, 
mounted on the top and bottom of each module, guide the module into the panel rack and also 
allow it to extend out of the rack for access if required for troubleshooting. Input and output 
test points are provided on the front panel of each module and gain adjustments are on the two 
IF modules. Test signal controls are on the front panel of the LOG test modules. The swing-out 
panel contains status indicators (lamps) and a multimeter to monitor the two low-voltage power 
supply outputs and receiver crystal currents. All receiver alignment can be performed without 
removing any panels or assemblies to gain access to controls or adjustments. The test module 
allows receiver troubleshooting and maintenance to be performed with a minimum amount of 
external test_equipment. _ ; 


(3) Processor-Unit = 


The special emphasis placed on mechanical design for ease of maintainability in the receiver 
is carried over to the digital processor unit. All circuit functions are on 3.1- by 4.3-cm printed 
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wiring boards which plug in, bookcase-fashion, in three card racks. A fourth rack contains the 
two power supply modules. All racks are mounted on a swing-out panel -which provides easy — 


access to wire-wrap pins on the rear connectors, 


Processor mode Sontisls test signal connections, power supply status lamps, and monitoring 
meters are all mounted on the upper portion of the swing-out panel near eye level. BNC coaxial 


‘ cable connections are provided for monitoring video signals and radar triggers. This allows 


troubleshooting by functional analysis to the subassembly (PWB) level without removing any 
panels or racks, using a minimum amount of external general test equipment and no specialized 
or unusual test equipment. 


(4) Remote Site Control Unit 


The remote site control unit is designed for ease of access for good maintainability. The 
control unit is mounted on a swing-out panel, which also contains power supply metering and 
fuses. Status lamps are used to indicate power supply failures. The control panel contains 
backlighted switches to indicate mode and status. Radar signals are brought out on BNC 
connectors for use in fault isolation. 


(5) Antenna Assembly 


The pedestal is designed for easy maintenance operations. The feedhorn, polarizer, 
waveguide run, rotary joint, brush leaf assembly, and azimuth pulse generator can be removed 
and replaced without removal of the’ reflector or pedestal. If it is necessary to replace a 
component within the antenna pedestal which requires removal of the antenna reflector, support, 
and feed assembly, it is possible to do so without requiring a reflight check of the antenna 
system. The antenna reflector, reflector support, and feed assembly are designed so that they 
may be disassembled and reassembled to the same reference points. In addition, the antenna 
pedestal has a built-in level bubble so the reflector support pinning is accomplished relative to 
the horizontal. The antenna feed system is aligned with respect to the reflector by a precise 
optical alignment system. A tilt indicator is an integral part of the antenna reflector and 
indicates mainbeam angle with respect to the horizontal. The antenna reflector also has built-in 
gun sights that will allow mainbeam pointing of the antenna with respect to a geographical 
reference. 


' 3. Maintainability Demonstration Test 


A formal maintainability demonstration was conducted’ on the ASR-8 radar per MIL- 
STD-471, Method L, Plan Al, plus Plan B2, at Texas Instruments, Plano, Texas in April 1975. 
Texas Instruments maintainability personnel conducted the demonstration, monitored by the 
FAA. The test system was the first deliverable ASR-8 and had been used for the reliability 
demonstration test. 


The test consisted of randomly selecting 100 faults allocated down to the major units of 
the ASR-8 based on the highest predicted failure rates of. ‘the system. The order of the fault 


- inserted into-the équipment was-selected by FAA. The faults were inserted “by teclinicians and. 


were isolated and corrected by other technicians. Strict confidence was maintained on all faults, 
specifically the selected fault. Times were checked by FAA and Texas Instruments and a 
continuous log was maintained. Sixty-one faults were selected and corrected from the 100 
possibles before the test was successfully completed. This information is documented in the 
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Maintainability Demonstration Test Report for Airport Surveillance Radar (ASR-8) Transmitter- 
Receiver (T/R) Subsystem, P/N 826915-1, for the FAA on contract No. DOT FA68WA-1965 | 
Mod. 67. The test was successfully completed and the following times were demonstrated: 


Task Demonstrated Specified 
Mean time to repair (MTTR) 25.08: minutes 60 minutes 
Maximum time to repair (90 percent) _ 49.0 minutes 180 minutes 


In addition to the electronic equipment inside the shelters and on the antenna, specific 
maintenance task tests were required on the antenna; e.g., (1) the rotary joint is designed to be 
removed and replaced in less than 45 minutes by two technicians, and (2) the main antenna 
bearing and bull gear are designed to be removed and replaced in less than’ 3 hours. Special 
maintenance equipment, designed and supplied by Texas Instruments, makes this very difficult 
task possible. The maintenance equipment allowed Texas Instruments to demonstrate removal 
and replacement in approximately one-half of the specification allowed time. Replacement of the 
bearing or bull gear necessitates the removal of the rotary joint, all interconnecting waveguide 
and electrical wiring, draining the oil from the pedestal, and lifting the reflector approximately 
7.6 cm to gain access to the spider casting. This 185-kg casting is unbolted, lifted, and pivoted 
to the side, exposing the bull gear and bearing. The 95-kg bull gear and bearing are then lifted 
and lowered to the ground from the top of the tower. A replacement unit is hoisted into place 
by the same means and is bolted into place using 36 bolts. The process is reversed for 
reassembly. 


The antenna tilt mechanism can be adjusted through its full range in less than 2 minutes. 
These equipment designs were verified by Texas Instruments/FAA test with the following results: 


Task Demonstrated Specified 
Remove and replace rotary joint 25 minutes 45 minutes 
Remove and replace main bearing and bull gear 110 minutes 180 minutes 


Adjust tilt mechanism 105 seconds "120 seconds 
C. SUMMARY 


The reliability and maintainability of the ASR-8 radar have been designed in and have been 
tested to démonstrate specification requirements. Continuing the satisfactory field experience of 
past systems built by Texas Instruments, the ASR-8 has demonstrated performance exceeding the 
reliability and maintainability requirements in all areas. , 
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Precedence: ROUTINE Date: 04/01/1997 


To: New York 


Drafted By: 


ax 


Case ID #: 265A-NY-259028 (Pending) 


Title: UNSUB(S); 

EXPLOSION OF TWA FLIGHT 800; 
‘* JULY 17, 1996; 

AOT-IT-EID 


Synopsis: Investigation by Bureau radar contractor of 
Sikorsky/Bridgeport radar data in preparation for 
llegations. 


Enclosures: One copy of “Memo {For The Record” from 
to the writer and SA dated March 10, 1997, 
regarding Sikorsky/Bridgeport..cadar data, 


Details: The write 


concerning Sikorsky/Bridgeport radar 


data and its analysis on March 8, 1997. The possibility existed 
that ‘he AAD T8estigative Team” had 
obtained a copy of this data and were going to use it in their 


allegations of “friendly fire” and a “cover-up” regarding the 
explosion of TWA Flight 800 on July 17,. 1997. The writer set-up 
a phone conversation between 


and 
phone in which they 
discussed the data presented on Sikorsky radar videotape and the 


Sikorsky Aircraft, home tele 
apparent double returns of the targets on the display. 


The Sikorsky aircraft tracking system receives radar 
information from two radar systems - Bridgeport (BDR) and 
Riverhead (RVH). Bridgeport receives transponder (“secondary”) 
information only in approximately four (4) second intervals and 
Riverhead receives transponder and primary (“skin return”) 
information. Additionally, the latter system was incorporated in 
the Air Route Traffic Control Center (ARTCC) and was also 


‘-referred“to as long range radar: (LRR) or “en route radar”.-- ~— 


The Sikorsky tracking system, unlike standard air . = °. 
traffic systems, displayed both sets of data simultaneously. ae 
These two sets of data are not “mosaiced” - corrected or off-set 
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‘To: New York Fron: Qa, b7 


Re; 265A-NY-259028, 04/01/1997 


for the relative position of each system. This causes the 
tracking system to display two tracks for each target with an 
operational transponder (providing “secondary” returns). 


These apparent double tracks could become a source of 
confusion and concern for individuals not familiar with how the 
tracking system operates. 


Initially, QB was only concerned with a “primary 
return only” track that was later identified and confirmed by the 
Federal Aviation Administration (FAA) and @p as a U.S. Navy 
P-3 Orion aircraft transitting the area at approximately 20,000 
feet. All other information on the Sikorsky tracking system 
Playback appeared very normal to 
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March 10, 1997 


VIA FACSIMILE TRANSMISSION VIA 1ST CLASS MAIL 
WIFOLLOW UP VIA PRIORITY MAIL 
bz, = Ae 
‘FBI, New York Field Office FBI, New York Field Office 
26 Federal Plaza, 23rd Floor 26 Federal Plaza, 23rd Floor 
New York, NY 10278 New York, NY 10278 
Gentlemen: 


The enclosed (following) MEMO is provided for your information. As@iii my 


7c normal handler is on travel, | am providing a copy to@Miivia FAX with follow-up via 
Snail-mail. Additionally, | am also forwarding a copy via mail to@@ipfor his records. 


Sincerely, 


b7e 


Encl. 


TOTAL PAGES TRANSMITTED = 6 


LS. Caer (fo vou due Bat QUESTION, 


March 10, 1997 


WiEWIO FOR THE RECORD 


‘ 
e 


Re: TELCON with Qj Sikorsky/Bridgeport, 03/08/97 


h1e SUBJECT: Sikorsky/Bridgeport radar data 


TO: SA@QEEER FBI/NYC 
SAGE FBUNYC 


On March 8, 1997, at approximately 1200, | received a telephone call from SA 
egarding the possibility of publication of an article within the week 
regarding TWA800 wherein the writer(s) claim to have a video tape in their possession 
showing the latter portion of the flight track of the aircraft, and subsequent breakup 
sequence. Additionally, SAQA advised that the “writers” had conducted an 
analysis of the tape which would most likely be the basis for their article. 


b1 c SA@QEMBRconcern was what the various target symbols presented on the 
Sikorsky radar tracking system indicated relative to the'type of target displayed. 
Although | had viewed a playback of the Sikorsky data while at TELEPHONICS 
Corporation in early December, | was not sure if the data displayed at that time was 
identical to the Sikorsky system when played back on the latter's in-house equipment. | 
recommended that SAQ§MMcontact the individual at Sikorsky and arrange a 
convenient time where | could conduct a telephone interview with him regarding target 
symbology. SAQHEEEEBB dvised that he would look up the individual’s name and 
number and get back to me as soon as. possible since ‘he was to depart early | in the 
week on travel. . 8 bg 


an 


ee os . Ke : cre 


p7e 


At approximately 1215, SAQA contacted me and provided the name and 
number of Qe from Sikorsky who would be standing 
by for my call. Additionally, he requested that | contact him at the end of wy interview 
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"and provide him with a’short peng regarding my findings. 


Following the msacions of SAQ@ED | phoned Qt 
approximately 1215. QiME provided an overview of the Sikorsky radar 
tracking system and a more detailed briefing on the concerns he had after initially 
reviewing the data on the night of the accident. He added that “ALL” of his concerns 
had been answered through discussions with FBI personnel from the New Haven 
Office. Additionally, | asked several detailed questions regarding target symbology 
displayed on the Sikorsky system. The conversation terminated at approximately 1315 
and SA@§EEP as briefed on the discussion between 1320 and 1330. | have 
provided a summary of the interview below. 


‘@ 


SIKORSKY TRACKING SYSTEM 


Sikorsky Aircraft (company) operates a tracking system to monitor company 
aircraft on test and evaluation flights within the immediate area of their Bridgeport 
production facility and the area of Long Island Sound where a majority of the flight’s are 
conducted. The tracking system receives data from two separate and independent 
radar systems, one system located at their Bridgeport facility (BDR) and the other 
system being located on Long Island at Riverhead (RVH), New York. 


The BDR system receives and records secondary radar’ or transponder data 
only; it does not display nor record primary radar targets. The antenna rotates 
clockwise at approximately 15 RPM which provides for a scan rate of a target at 
approximately 4 second intervals. Additionally, target information displayed on facility 
indicators (scopes) is generated by a computer processor versus a direct radar 
presentation of the received return. Target symbology associated with the display of 
secondary returns from this system are depicted as a solid diamond ( #). When 
contact is lost with a particular target, associated symbology depicts an open diamond 
(>), to indicate a coasting (CST) status and will continue to do so until contact is 
reestablished or, at a predetermined time, without receipt of a valid return, the 
symbology will drop from the display. 


1Secondary Radar - Also referred to BEACON targets. 
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_ Data received from the RVH system comprises both primary and secondary 
radar data with the secondary radar antenna co-located, atap the larger primary — 
anténna. The RVH system rotates clockwise at 5 RPM which provides for a scari rate 
of a target at approximately 12 second intervals. This particular system is owned and 
maintained by the FAA. Additionally, information from this site is provided to the 
Boston, New York, and Washington Air Route Traffic Control Centers (FAA), the U.S Air 
Force North American Air Defense Command (NORAD), and the U.S. Navy Virginia 
Capes Fleet Air Control Surveillance Facility (FACSFAC VACAPES) located at NAS 
Oceana, Virginia. 


Secondary targets from the RVH system are also displayed by the diamond 
symbols described above ( 4/ ) while primary targets are depicted by a solid circle 
symbol ( @ ). 


Of particular interest with the Sikorsky tracking system is the fact that target 
returns from both the BDR and RVH radar systems are displayed simultaneously on 
the radar display. This practice is contrary to all other computer tracking systems in use 
in the U.S. Traditionally, when dealing with direct radar displays, such as the New York 
TRACON in the terminal environment, data received from anyone of their five ASR 
antenna arrays is displayed to a single indicator only. As an example, data received 
from the ISP antenna is displayed only to those displays (scopes) where the data is 
deemed necessary for control of aircraft within a specified area of airspace commonly 
referred to as a SECTOR. Hence, all radar displays within the ISP Sector would display 
only ISP ASR data. Coincidently, data received from the TRACON’s 4 other ASR 
systems located at JFK, EWR, HPN, and SWF, display their data to displays located 
within their assigned sectors of responsibilities. Additionally, after receipt of the raw 
data from an assigned ASR system, the ARTSIIIA(e) computer affixes target symbology 
to the various targets. 


In contrast to the above, data received from the long range radar (LRR) systems 
(RVH) operating within the nation’s en route air traffic environment wherein data from 
multiple LRR’s are displayed on the same radar display through a mosaic process by a 
Center's NAS computer. Although this method would appear to cause the multiple 
display of a single aircraft due to overlapping coverage, the ARTCC NAS computer is 
programmed to select specific radar site data for display within a give area while 
discounting additional target returns. Additionally, the ARTCC tracking system is a 
totally computer generated display versus the terminal's computer symbology added to 
the direct radar displays. 
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_ Thé one thing common to bath the terminal ASR and en route NAS, as well as 
the Sikorsky system, is that they display lateral position (X/Y) information for the most. 
current return as well as a brief “track” history of an aircraft through selective retention 
of previously displayed targets. In a direct display environment such as the one in use 
at the New York TRACON ASR displays, the back side of the face of the display (CRT) 
contains a special coating that allows the scope operator to select an intensity level to 
the “RETAINED RETURNS”. The operator also determines the number of trail returns 
by selection of the intensity level. In normal practice, the operator will see the last 3 to 
5 returns with the oldest return as the weakest one presented. These retained returns 
are better known in the radar community as TARGET TRAIL with their primary purpose 
of providing the scope operator with a rapid determination of track direction with a mere 
glance at a particular aircraft target. In the direct display radar environment such as the 
ARTSIIIA, only the primary and secondary returns display target trail while the overlaid 
computer symbology is only presented for the most current return. The target trail 
feature can find its history dating back to development of the first Plan Position Indicator 
(PPI) scopes during World War 2. It is the only means that the operator of the early PPI 
scopes had to determine track heading without the use of some sort of a marking 
device such as a grease pencil or marker. Target trail on a radar scope is similar to the 
wake of a boat left on the surface of the water. 


Within the en route environment where the entire display is computer generated, 
both the intensity and number of target trail returns can be selected for display by the 
scope operator with trail returns indicating a decrease in intensity rearward to the oldest 
return. 


The Sikorsky system is a totally computer generated display and includes the 
target trail feature. However, due to the fact that data is received from two independent 
radar systems, operating at different rotational speeds, two separate flight tracks are 
displayed simultaneously along with their respective target trails. This unique setup 
could very well lead an uneducated individual to assume that there are two separate 
aircraft or airborne objects operating in very close proximity to one another, on identical 
tracks. With the BDR system providing 4 second updates on the current target location 
while displaying the last 4 to 5 target trail returns and the RVH system providing 12 - 
second updates along with its own independent 4 to 5 target trail history, one might be 
lead to believe that the RVH data would indicated what would appear to be a faster 
target (12 second returns = greater distance covered between hits ) was overtaking what would 
appear to be the slower BDR data for TWA800 (4 second returns = less distance covered 
between hits). Target trail for the BDR system would cover approximately 16 to 20 
seconds of track history while RVH system would cover a period of between 48 to 60 
seconds. 
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b71c GEE tated that only concern raised in his mind during the initial 


playback of recorded data was the fact that a primary target appeared immediately 

south of the Long Island shore line moving at an éstimated 320-350 knots and that this’ ~ ay 
particular target-continued to the southwest and-then reversed course and proceeded to os ae 
the area of accident scene. However, he added that a few days after the accident he 
learned that the target in question was a U.S. Navy P-3 aircraft that was transiting the 
area at flight level 200 (20,000 ft.) which had experienced a malfunction and subsequent 
failure of its on-board transponder equipment. He stated that he later learned that this 
aircraft had agreed to ARTCC requests to divert from its scheduled flight and proceed 
to the accident area to render SAR assistance. He added that all other information 
observed during playback of the radar data recording appeared very normal. . 


It is important to note that all transponder returns within the coverage of both the 
BDR and RVH radars will also display the “double” targets at 4 & 12 second intervals. 
Hence, the flight track of each aircraft will depict a shadow like image. Additionally, 
computer generated alpha-numeric target symbology such as Mode “C” altitude and 
computed ground speed values are selectively displayed for only one of the apparent 
double tracks leaving the uneducated viewer with the impression that an “unknown” 
target was closely following or overtaking the return displaying selected target 
symbology. 
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Synopsis: 


Details: Attached to the following EC are Eederal Aviation 
transcripts from the evening of July 17, 1996. It should be 
noted that the transcripts reflect dates of July 18, 1996. This 
is caused by the fact Zulu time is utilized for air traffic 
travel. 


The attached reflect transcripts from the following: 


1. Boston 


Position. __ - 
2. New York —Tracon. 


3. New York Tracon Kennedy Departure Position 
4. New York Tracon Liberty East Position 


5. New York Tracon Kennedy Departure Hand-off (Cc 
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6. New York Tracon Area Manager in Charge 
ret eninge 


7. New York Tracon Watch Supervisor Position 
eer NINO ENTE NT IE i re 


DEPRES OALP HG  R GR SSM 


8. New York Tracon Watch Supervisor 
teem ee NIE IE ELECT AEE ESOL ELBE ELLE LEDS LAL E LDR ODE EE ATOLL EEE EA 


9. New York Tracon Calverton Position 
femeacon Cer verter. ost 265A-NY-259028-SuB RAY WA) 
SEARC INDEXE 
10. Kennedy Airport ATCT Gate Hold SERIALIZED SSID ion ee 
een nn 
11.. New York Tracon Beads 


siege SDC an ay 


groove 
f 
usm IP nt A tat NS NAMA f 


Fel — NEW YORK 


SA5Or ce ee 
a) 


+¢ 


ws C won 
e ry 
New York From: New York 


265A-NY-259028, 04/03/1997 


12. 


‘13. 


14. 


15. 


Kennedy Airport ATCT Local Control 


Kennedy Airport ATCT Ground Control Position 
ae TT nn ethnic i 


New o} a Gy. onated~E4-4 
In-flight Position 


New York Tracon HTO Coordi 


OPCA-20 (12-3-96) rage ~ XXXXXX 
@: XXXXXX 
XXXXXX 
FEDERAL BUREAU OF INVESTIGATION 
FOIPA 
DELETED PAGE INFORMATION SHEET 


ef 2 Page(s) withheld entirely at this location in the file. One ¢ or more > of the ee statements, where indicated, 
‘explain this défetin.” Ge ere Bas ey 


C) Deletions were made pursuant to the exemptions indicated below with no segregable material available for 
Telease to you. 


Section 552 Section 552a 

O (b)(1) C1 (6)(7)(A) QO (d)(5) 
O1 (b)(2) O (b)(7)(B) O @)(2) 
O (b)(3) QO (b)(7)(C) Cl (k)(1) 

O1 (b)(7)(D) O (k)(2) 

C1 (b)(7)(E) CO (k)G3) 

O (b)(7)(F) CO ¢k)(4) 
1 (b)(4) C1 (b)(8) O (k)(5) 
O (b)(5) O (b)(9) CO (k)(6) 
O (b)(6) O (k)\(7) 


Information pertained only to a third party with no reference to the subject of your request or the subject of your 
request is listed in the title only. 


4 Documents originated with another Government agency(ies). These documents were referred to that agency(ies) 
for review and direct response to you. 


Pages contain information furnished by another Government agency(ies). You willbe advised by the FBI as 
to the releasability of this information following our consultation with the other agency(ies). 


Page(s) withheld inasmuch as a final release determination has not been made. You will be advised as to the 
disposition at a later date. 


Pages were not considered for release as they are duplicative of 


Page(s) withheld for the following reason(s): 


nn 
a a 


ea ae following number is to be used for reference regarding these pages: 
265A-NY-259028 Sub NN, serial 


XXXXXXXKXXXXKXKX 

X = Deleted Page(s) Xx 

X No Duplication Fee X 

X for this page X 

XXXXXXXXXKKXXKXXX 
XXXXXKX 


XXXXXX 
XXXXXKX FBYDOJ 


: wm fo ae 
(pty . Ua “ at 
3 
os : a 
2-16-95 - 


48 (Rev. 


_ “FBI FACSIMILE 


COVERSHEET 


ac 


prc 


PRECEDENCE CLASSIFICATION 

LJ Immediate (I Top Secret Time Transmitted: eee 

le] Priority CJ Secret Sender's Initials: woe 

CJ] Routine (J Confidential Number of Pages: a 
(J Sensitive (including coversheet) 7 
[+] Unclassified 
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Atin: , 
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From: FER te PSL TEL ow SS olrn Sr Se Aree wee ee Ie 
Name of Office 


Subject: 


Special Handling Instructions: 


Originator’s Name: 


t2 


Originator’s Facsimile Number: 
Approved: 


Brief Description of Communication Faxed: ARCHED ND 


SERIALIZEO._-Z_-FILCO 


6. 


U.S. Department of Justice 


Federal Bureau of Investigation 


aay a - je ~ 


In Reply, Please Refer to 26 Federal Plaza 
File No. New York, New York 10278 
April 2, 1997 


84 Radar Evaluation Squadron 
7676 Aspen Avenue 
Hill A.F.B., UT 84056-5848 


Att: QD Vest operations 


In furtherance of an ongoing investigation being 
conducted by the Federal Bureau of Investigation (FBI) into the 
matter of Transworld Airlines (TWA) Flight 800, it is requested 
that your agency provide any video produced from the raw data 
material collected by Norad on July 17, 1996. In addition, a 
list of the names of the agencies and/or individuals who b7e 
currently possess a copy of the video is also being requested. 
In the event that no such video was produced, it is requested 
that a letter stating so be forwarded to the FBI’s New York Field Ayes 
Office by facsimile number 


Your expeditious handling of this request is 


appreciat An estions may be directed to Special Agents 
at_telephone number oe 


Your cooperation in this matter is appreciated. 


Sincerel 


Supervisory .. Agent 


By: 

OR Se : JAMES .K. KALLSTROM 
Assistant Director in Charge 
FBI New York Office 
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Date of transcription 03/11/37 


On 03/10/97, QD was interviewed 
telephonically at his Huntsville, Alabama residence. After being 
advised of the identity of the interviewing agent , @#MMprovided 
the folowing information: 


advised that he has known QD since 
1993. stated that QM contacted him last Saturday 


to inform that the FBI would be contacting him regarding several 


still-frame photographs regarding the crash of TWA Flight 800. 
en me he did not have copies of the 
photographs. further advised QM that these 
photographs might be available on the Internet. 


photographs could possibly be located on the Internet at the 
following address: 


informed the writer that the still-frame b7¢ 


alt.conspiracynewsgroup 
search under TWA ana/or Missile 


The following background information was obtained 
during the interview: 


NAME : 
DOB: 
POB: 
SEX: 
ADDRESS: 


EMPLOYMENT : 


I ee 


Investigation on 03/10/97 at HUNTSVILLE, ALABAMA (telephonically) 
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é Date of transcription 03/10/97 


id 


On 03/10/97, ae :::: interviewed 
telephonically at his Orlando, Florida office. After being 


advised of the identity of the ee agent, @iipprovided 
the following information: 


te 


advised that he has known for 
many years. stated that recently contacted him 
regarding several still-frame photographs indicating a missile 
striking TWA Flight 800, which originated from the Internet. 
asked if he knew QD (LNU) who uses the game 
bulletin board “Airpower”, and resides in the Huntsville, Alabama 
area. advised hat utilizes the 
above mentioned bulletin board and resides in Huntsville, 
Alabama. Q@MPprovided the following telephone numbers for 


b7e 


GU stated that he was unaware of any “still-frame’” 
photos until brought them to his attention. 

advised that he has not had access to these photographs nor has 
he attemped to acquire the photographs from the Internet or by 


any other neans QDs -ated that he is unaware of where the 
photographs coul e attained. 


The following background information was obtainted 
during interview: 


i 


NAME: 
DOB: 
POB: 
SEX: 
ADDRESS: 


EMPLOYMENT : 


Investigation on 03/10/97 at ORLANDO, FLORIDA (telephonically) 
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FEDERAL BUREAU OF INVESTIGATION 


Precedence: ROUTINE Date: 03/06/1997 
:fo: SAC DIVISION I 
From: NEW YORK 


I-46 
Contact: 


a 


Drafted By: 


Case ID #: 265A-NY-259028 


Title: UNSUBS; 
EXPLOSION OF TWA FLIGHT 800 
JULY 17, 1996 
AOT-IT-EID 


Synopsis: Update o A iaeo created from radar 
data showing missile striking TWA Flight 800 on July 17, 1997. 


Details: On 03/06/97, was tele honically 
interviewed at by SA 
advised that he had additional 


information pertaining to the explosion of TWA Flight 800 to 
share with the FBI. 


GHEE stated that aie dco contact 
works for Lockheed (defense contractor). advised that the 


individual's name and telephone number is as follows: 


ye 


GQUMEEED stated that QED ceived a copy of this 


video from someone with MICOM (Army Military Communication or 


Command) . advised that MICOM was in the area of the crash 
on 07/17/96, to video tape the firing of a United States Navy 
missile. stated that the video shows a missile striking 


TWA Flight 800. 


. attempted to telephonically contact 

at the above listed telephone number. ER: stated that the 

person answering the telephone advised that no one named 
resides or works at that location. 


then calle 


WHEE «evarding 


To: SAC DIVISION Y From: NEW YORK © 
Re: 265A-NY-259028Title: 


or aid in locatin 
to call 
Crystal City work 


tated that the FBI should re-interview 
, telephone egarding a missile sighting 
on 07/17/96. advised that witnessed a missile 
ascend from the Atlantic Ocean and strike TWA Flight 800. 


noted that was facing southwest when he witnessed the 
event. 


stated that he and have data from a 
United States satellite that was positioned above the crash site 
on 07/17/96. @@QBMEMB advised that two Russian satellites were 
also in orbit above the crash site on the night of the crash. 
The names of the two Russian satellites are listed below: 


OKO Which means “eye” 
PROGNOZ Which means “forecast” 


stated that he does not have data from these two 
satellites. 


Pear Sass 


advised..that the radar video 
; only~has video and no audio. 


¢¢ 
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Date of transcription 02/21/97 
On February 14, 1997, qm «date of birth: 
ae was interviewed at the Novotel Hotel, 226 West 52 
Street, New York, New York. After being advised of the 


identities e interviewing agents and the nature of the 
interview, provided the following information: 


dvised that he observed TWA Flight 800 
conduct a normal takeoff and departure form JFK while his 


aircraft was positioned on the taxiway prior to being cleared for 
takeoff. UNE 2-2-3 that he did not re-establish visual 
contact wi TWA Flight 800, once Flight 800 departed the JFK 
airport traffic area. 


GHEE 2.3. ise that the Air France Flight 007 h7e 


cockpit flight crew were made aware of an aircraft explosion via 
another airliner on Boston Center frequency notifying Boston 
Center that an aircraft had exploded over the Atlantic Ocean. 
tated that he did not observe the explosion of TWA 
Flight 800 nor witness the explosion other pilots reported. 
advised that Air France Flight 007 was flying at an 
altitude between 14,000 - 20,000 feet, and the visibility was 
estimated at forty miles or better. 


advised that he has never observed nor 
reported any missiles in flight while flying between New York's 
JFK International Airport and Paris, France. urther 
advised that Air France Flight 007 did not deviate from course to 
avoid a missile on the evening of 07/17/96, after departing JFK 
en route to Paris. 


stated that during the Air France flight, a 
flight attendant advised the cockpit crew that the TWA flight 
from New York to Paris had just crashed into the Atlantic. The 
flight attendant explained that a male passenger learned of the 


Investigation on 02/14/97 at New York, New York 
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‘265A-NY-259028 


oninaion of 0-302 of _ rrr, on 02/14/97 rage 2 


TWA crash while talkin riend in the New York area on his 
cellular telephone. Stated that no passengers were 


admitted into the cockpit area on 07/17/96 while en route to 
Paris, France from JFK International Airport SMMMBadvised 
that passengers do not have access to the cockpit area at any 
time. 


stated that he has not been in contact with 
and has never met these 


nor 


individuals. 


bre 


The following background information was obtained through 
interview and observation: 


NAME : 
DOB: 
POB: 
SEX: 
ADDRESS: 


HOME TELEPHONE: 
EMPLOYMENT : 
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Date of transcription 02/18 /97 


On February 14, 1997, QDs date of birth 
was interviewed at the Novotel Hotel, 226 West 52 
Street, New York, New York. After being advised of the 
identities of the interviewing agents and the nature of the 


interview, provided the following information: 


The interviewing agents asked if he knows o 
any Boeing 747-100 or 200 series airliner that would not accept 
fuel during refueling, due to an overfill protection malfunctio 
that would require a mechanic to pull the respective circuit 
breaker to override the problem. advised that he is 
unaware of this problem occurring on any of Air France’s fleet. 

urther advised that he would be concerned if this 
problem were to occur while refueling an Air France aircraft. 
stated that the source of this problem should be identified and 
repaired. 


The following background information was obtained 
through interview and observation: 


NAME: 
DOB: 
POB: 
SEX: | 
ADDRESS: 


HOME TELEPHONE: 
EMPLOYMENT : 


Investigation on 02/14/97 at New York, NY 
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Precedence:. ROUTINE . o. <2 = Date: 03/04/1997 .. 


Tor? “SAG DIVISION I ae ee re 7 Soe 


From: NEW YORK 
I-46 


b7e 


Drafted By: 
Case ID #: 265A-NY-259028 
Title: UNSUBS; 
EXPLOSION OF TWA FLIGHT 800 


JULY 17, 1996 
AOT-IT-EID 


Synopsis: Update 0 ED »:<<- created from radar 
data showing missil@ striking TWA Flight 800 on July 17,1996. 


contacted > 
O 


Details: On 03/04/97 e writer telephonicall 


believes that the 
, ATA 5 ‘this data. properly. dueto the FBI .verlooking a 
Radar anomaly” (missite}“striking TWA Flight’ 800: 


advised that the FBI should examine the “FAA 

Controller Tape” from the evening of 07/17/96. On this tape, at 

8:17:31 p.m., when the C Controller is re-wound for forty 

seconds, an anomaly is visible in the left-hand corner of the 

screen. GUM stated that their experts have identified 

anomaly.as the missile that brought down TWA Flight 800. <a 

advised that four radar sweeps show the anomaly traveling at hac 
mach two. 


a Stinger Missile has a top-en 1 r eet, 


and could not have brought down Plight 800. 00. QM 2=2ieves that 
a missile fired from a United States Navy vessel brought down 
TWA Flight 800 and the Department of Defense is trying to cover- 
up the incident. stated that the FBI has not done their 
home-work regarding this investigation, and he ond QE 2-< 
not going to hand-over information which would in fact solve the 
case. 


To: SAC DIVISION I From: NEW YORK e 
Re: 265A-NY-259028, 03/04/1997 


,F would not reveal the radar/video source or any 
other sources. Stated-that once the FBI analyzes. the tape 
showing the anomaly, then héwould be willing-to listen‘to their 
explanation of the anomaly. advised that he would be 
interested in hearing the FBI's explanation of the radar anomaly. 
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“Precedence: ROUTINE Racers Date: (03/05/1997 

To: SAC DIVISION I . | 

From: NEW YORK 
I-46 


Contact: as 


DI toner I, 
Drafted py: 


Case ID #: 265A-NY-259028 


Title: UNSUBS; 
EXPLOSION OF TWA FLIGHT 800 
JULY 17,1996 
AOT-IT-EID 


Synopsis: Update os vice. created from radar 


data showing missile striking TWA Flight 800 on July 17, 1996. 


Details: On 03/05/97 
intervie 


honically 
by SA 
Badvised that he had information 
pertaining to the explosion of TWA Flight 800 to share with the 
FBI. 


GHB sated that he has a forty-five page write-up 
describing how the United States Navy accidently shot down TWA 
Flight 800, while test firing a missile with a kinetic energy 
warhead. believes that the missile exploded near the 
p1e- avionics bay, which caused the airliner to be torn apart. 


GEE: sv ised that a U.S. Navy P-3 Orion was in the 
area to observe the test firing. GE 2-1 ieves the P-3 Orion 


was above TWA Flight 800 when the missile went awry and brought 
down the airliner. @QgggMMMtated that the missile detonated via 
a proximity fuse, which causes the warhead to explode prior to 
striking its target. : 


advised that Qi. 
should be interviewed by the FBI due to his 


knowledge _o 


advise at hes 
the aircraft from the side, 


ae: the thigsile that downed. TWA Flight | 800. 


c ¥ Clim 
: . El ‘ J 
GUE cvised that the radar video 
ae 8s an anomaly moving in a zig-zag pattern in the lower 
got ¢ 


orner of the screen. Their experts believe the anomaly to 


be of no significance. stated that another anomaly is 
present, on the léft side of the screen, which experts believe to 


QM 2. ai sea that the radar Geavea scans once every 
seconds. 


four (4) 


would not identify who 
im the radar tape. 


GUD agvised that the FBI should “do a digital and 
analog of the tape”. QM stated that the tape should be 
forwarded to 8:31:17 p.m., then the “C-Controller” should be re- 
wound for forty (40) seconds, at which time the above described 
radar anomalies are visible. QQ advised that the anomaly on 
the left side of the screen has a steeper trajectory than the 
maximum climb angle of an r-14 Tomcat Navy fighter. cop ee een 


believes this proves the anomaly to be that of a U.S. Navy 
missile. 


GE aivised that the FBI should analyze che 
photo to identify the object in the sky, and the time indicate 
on an unidentified male’s wristwatch. 


GMM believes that the FBI should analyze all 


available satellite data, to include two (2) Russian satellites 
that were over 


would not reveal how he attained this information and 
requested that the FBI not reveal him as the source. 


elieves that the U.S. Navy_was conducting a 
“Super Secret Navy Operation” on 07/17/96. ED 215. believes 


that the National Security Council and the U.S. Navy are 
covering-up this secret operation. 
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Precedence: ROUTINE . 7 -- - Dates 03/06/1997: 


“Tor SAC’DIVISION;I 7 et 


From: NEW YORK 
I-46 


Contact: Qa 


Case ID #: 265A-NY-259028 


Title: UNSUBS; 
EXPLOSION OF TWA FLIGHT 800 
JULY 17,1996 
AOT~-IT-EID 


Synopsis: 


Details: On 03/06/97, 


nterviewed at the Grumman facility - 
ocated at Calverton, New York. provided the following 
information: 


vised tha 


SEP 220550 that EP can be contacted at the 
above 1 e lephone number during normal business hours. 
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Precedence: as : ' Date: 


Contact : (Jaa, 
yor 


Case ID #: 265A-NY-259028 


Title: UNSUBS; 
EXPLOSION OF TWA FLIGHT 800 
JULY 17, 1996 
AOT-IT-EID 


Synopsis: Update on Qe | eo created from radar 


data showing missile striking TWA Flight 800 on July 17,1996. 


Details: On 02/17/97, 


Qo advise tha 


mnited States Navy missile. 
have a ten (10) minute video that depicts a missile striking TWA 
Flight 800. Mp advised that this video was created from 
“Advanced Radar Imagery” with complete trajectory readout. 


would not indicate where the 
source radar da as a tained advised that radar data 
along with the video were prepared by experts that were 
previously employed by the United Stated Government. 


he 


Stated that he would allow the FBI to view the 
video in New York, New. York in the near future, if his associates 
will agree. advised that he would contact SA 

within two or three days following the 02/17/97 telephone 
conversation, to inform if the FBI will be allowed to view the 


video. 

During an ij iew QM on. 1/22/97 by - 
and SA at JFK International Airport f 
stated that he had a ‘source, who he would identify only as “semi- 


military,” has a video tape of a missile shooting down Flight 
800. 


In a subsequent interview of aD a 
source whom advised that the FBI should speak with, 


py 


i SE ES ts 


be = Sabai et Se 


> SO Sa Se 


(by 


a0 Ene tan ieee aaa oe 
not cooperate, uld get the National Security Counci+ 
‘NSC}, te take the tave directly from the source. 
A search was conducted by Butte Investigative 
information Services Center to locate The 
search revealed a total of twenty-four individuals with the name 7c 


in che United States. One individual from <6 
group resi@es in Portland, Oregon. Butte was able to provide. 
this individual's home and work addresses along with two 


telephone numbers. SA's will be contacting 
GED <5 2-3ins the video as soon as possible. 


was contacted telephonically by SA 
regarding how an individual not employed by a government 
agency could attain radar data depicting an aircraft's speed, 

location, and altitude. dvised that several companies 
exist in the United States that provide air traffic control (ATC) 


data to their clients/subscribers. Listed below are sources for 
ATC data: 


als, Mega Comp Data 
Johnson Avenue 
Ronkonkoma, NY | 
(516) 673-3535. 


2. Aeronautical Radio Incorporated (ARINC) 
2551 Riva Road 


Annapolis, MD 21401-7465 
(410) 266-4000 


3. The Trip 
6436 South Racine Circle 
Suite 202 
--Englewood, Colorado 
(303) 790-9348 


GEE acivised that all U.S. ATC radar data is fed pre 
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FEDERAL BUREAU OF INVESTIGATION 


Precedence: ROUTINE Date: ..03/07/1997 

Tor: -SAC DIVISION I 

From: NEW YORK 
T-46 
Contact: | 


Case ID #: 265A-NY-259028 


Title: UNSUBS; 
EXPLOSION OF TWA FLIGHT 800 
JULY 17, 1996 
AOT-IT-EID 


Synopsis: Telephone conversation with ae 


schedule interview regarding the crash of TWA Flight 800. 


Details: On 03/07 


elephonically contacted by SA 
chedule an interview regarding the crash of TWA 


to s 
Flight 800. 


The writer advised QM that he is not being 
criminally investigated, and the FBI is interested in 
interviewing him due to his experience operating large transport 


category aircraft similar to the TWA 747 (Flight 800) airliner 


that crashed into the Atlantic Ocean on 07/17/96. 


stated that his attorney had advised him not to 
talk to the FBI. advised that it would be foolish to 
seek the advise of an attorney and not take it. stated 
that he has done nothing wrong. @MMadvised that he had 
nothing to gain by talking to the FBI, but the FBI has everything 
to gain by talking to him. 
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To: NORTHRUP GRUMMAN A ORP. LAW DEPT. Date: 04/08/97 


Facsimile Number: 


b7c : 


Attn: 


From: NEW YORK - _ FBI 
(Name of Office) 


Subject: REQUEST OF LIST OF GRUMMAN COMPETITORS WHO 
MANUFACTURE RADAR SYSTEMS, ALONG WITH A LIST 
OF AIRPORTS FROM BOSTON CTR TO WASHINGTON CTR 


THAT UTILIZE THE GRUMMAN RADAR SYSTEM. 
Special Handling Instructions: 


Originator’s Qi Telephone: b 7C¢ 
ee. en eT 


tre 


Approved: 


Irs 5 
con egret Al 


FBI/DOI 


U.S. Department of Justice 


- . Federal Bureau of Investigation 


es ~ 


In Reply. Please Refer to 26 ederai Plaza 
File No. New York, New York 10278 
April 8, 1997 


Northrup Grumman Corp. Law Department 

ESSD - 
P.O. BOX 17319 MSA475 

Baltimore, Maryland 21203 


Attn: a 
i — 


pit 


Dea ai 


In furtherance of an ongoing investigation being 
conducted by the Federal Bureau of Investigation (FBI) into the 
matter of Trans World Airlines (TWA) Flight 800, it is requested 
that your corporation provide a de_fiiled list of its competitors 
in the field of radar manufacturing. In addition, a list of all 
the airports from Boston Center tof Washington Center which 


utilize the Northrup Grumman Raday Systems is also being 


requested. It is requested that sthe information be f to 
the FBI's New York Field Office PY facsimile number, 


Your expeditious handling of this request is 


appreciated. Any questions may be directed to Special Agents 


Your cooperation in this matter is appreciated. 
Sincerely, 


JAMES K. KALLSTROM 
Assistant Director in Charge 


bic by: 
qn: 


Supervisory Special Agent 
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FEDERAL BUREAU OF INVEST'GATION 


~ Date of transcription - C. 04/17/97 


was telephonically interviewed by. . 
was advised of the- 
ig 1g agent and the purpose of - the. 
rovided the. following information ; 


Special Agent z 
identity of the intervie: 
interview. 


advised that he and @viere nade aware of : 
the explosion of TWA Flight 800 via radio traffic on Boston ~ 


when the explosion occurred. 


stated that neither he or 
the First Officer witnessed the e 


losion, due to being past..TWA. 


The following background information was obtained 


during the interview: 
NAME : 
DOB: 
POB: 
SEX: . 
ADDRESS : 


Investigation on 04/16/97 ‘a New York, New York (telephonically) _ 
File # 265A-NY-259028 ; . Dare dicted 04 17 97 - 


bar = a 


This aca contains neither fecdaiuichdstions nor conclusions of the FBI. It is the property of the FBI and i is loaned wo your agency; oe 


vas ~ 


FD-302 (Rev. 106-95).  @ Pb Me eae ela. T oe Fas ae a 


2 “ aor “ E a ‘ee " Date of transcription ins 04/17/97 ia 


on “04/16/97, 

was telephonically interviewed | by SA 
was advised of the identity of the interviewing agent. and . 

_the purpose of, the interview. GEE oxovised, the Fon oN ao. _ 


ir formation: »: cog ibe &, ys ge eg 


dvised that he and QE ecame aware. of the 
explosion of TWA Flight 800 via aircraft radio communication to 
Air Traffic Control on the Boston Center fre 


pe 


stated that. 
neither he or witnessed the explosion, due to paseiolg 


being past TWA Flight 800’s flight path. SEs tc a that 
nothing out of fhe ca ae was observed uring the 
flight. 


The following backgrourid information was obtained 


during the interview: _ eg SGA 8 eee 3” YF ates 5 

CNAME: |; ear 
‘DOB: ee ee 
POB: 
SEX: 
ADDRESS : 

Investigation on 04/16/97 ‘at New Yor :, New York | (telephonically) 

File# 265A-NY-259028 his Date dictated 04/17/97 : 
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he ees 


». FEDERAL BUREAU.OF INVESTIGATION 


Date of transcription : 4 / 1 1997 


telephone number’ = 
1ewed telephonically at his home and place’ of business. | 
was advised of the nature of the interview and the identity of _. 
the interviewing agent. By 10:00 a.m. EST, April 3, 1997)...--:..--«- 
had been provided via facsimile. with a plot of Islip ‘ASR a 
‘radar data on July 17, 1996, from 8:30:00 p.m. EST to 8:31; 00. 
This plot was obtained by the writer from 
Bureau contracted radar analyst, 
contained nine “primary-only” (“primary”) returns 
which was asked to examine. Four of these returns were 
consistent with the “blip” track fro videotape which 
crossed behind TWA Flight 800 at a speed of approximately 450 
nautical miles per hour (knots), a distance of five (5) to seven 
(7) miles, at approximately 8:30:35 p.m. EST, and approximately 
forty (40) to twenty-five (25) seconds before the last 
transponder reading of TWA Flight 800 which occurred at b 
approximately 8:31:11 p.m. EST. provided the following 7 
information: 


He | 


Upon examination of Boston Air Route Traffic Control. 
Center En route radar from on or about 8:30:30 p.m. EST of the 
night of July 17, 1996, relative to the approximate location of 
11.5 nautical miles South and_8.5 nautical miles East of the . 
Islip radar antenna site, observed the following radar | 
“targets” (returns): 5 Caneel ae oaks ee 


One or two “primary” stat‘!onary targets that were still 
painted after the explosion of. TWA Flight 800 and located at -. 
approximately North 40 degrees 37.37 minutes, West 073 degrees 
0.75 minutes. These targets appeared to travel “downward”. 

,; “Secondary” returns (targets) from a TWA 900 series. 
‘aircraft, U.S. Air Flight 217, and an American Transair flight | 
to the Northeast of the crash site. 

A Piedmont aircraft, low and turning to the Northwest. 

One isolated ‘target to the Southwest of the site. — 


~ 


Investigation on 4/2/1997, at NEW PORK 1 NEW YORK ( telephonically) 


“4/3/1997 
File # 265A-NY-259028_ Date dictated 4/7/1997 


This document ‘contains neither feconimesdutions nor conclusions of the FBI. It is the property of the Fel and! is loaned to your agencv: 
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DOO Soda aie io iag eo heaps 


“ontinuation of FD-302 of oo I ETBRE a ial ee 
ny : There | were no “secondary” Rangers erose 2 oxen given: 
location. ~~ 


AT kee oS 
a & 


: Su ani his radar data in search of any:. 
targets in area that were traveling at approximately 450 : 
knots and found an aircraft with a call sign of “Jet piesa” le” 
to the East of the Islip radar antenna, approximately 15 nautical . 
miles away from the area in question, and headed almost directly | 

. away from the Islip radar site. “Jet Express” was the call sign 
for Midway Airlines and the aircraft's transponder code was 
“5627", In comparing the track of the “Jet Express 18" aircraft 
to the apparent track of the nine “primary” returns under 
scrutiny, noted that they were “shifted” approximately 
ninety (90) degrees - or “ninety (90) oeutess out of phase” 
clockwise. 


This “ninety degree rotated” relationship, combined 
with the 450 knot ground speed similarity and the fact that the 
Boston Center radar did not pick up a target around the nine 
“primary” returns, caused to theorize that the nine 
“primary” returns were the resu of a radar phenomena called 
“splits” - a false target painted far away from another real 
target. Present in the data and characteristic of this phenomena 
was that “split” targets tracked directly away from the radar 
site. This phenomena was also dependent on atmospheric 
conditions such as temperature inversions. found it 

' interesting that when both the track of “Jet Express 18" and the 
nine “primary” targets in question were traced back, they 

. intersected at a shoreline - a common place for a temperature 

anoma in the atmosphere close to the surface of the earth. 

ne.) sc pointed out that radar phenomena like “splits” 
happened more often with ASR radars such as the Islip site, 
because the energy from the ASR antennas was directed more .- 
downward then the air neue traffic control centers’ en route 

' radar antennas: © Coes ee, eee 


Av lat 
7 \ 


provided che writer with a plot of this radar 
information and his analysis entitled “A Hypothesis” via 
facsimile (attached) - : 
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U.S. Department of Justice . 


InReply, Pleaso Refer to 26 Federal Plaza. 
File No. 8 , New York, New York 10278 
April 18, 1997 


Federal Aviation Administration 

Air Traffic Resource Management Program 
Quality-Control, ATX-110 

800 Independence Avenue, S.W. 
Washington, D.C. 20591. 


i i 


Pursuant to the investigation of the explosion of TWA Flight 800, 
by this letter, please note this agency’s request for the New 
York Tracon Tracking Data (N90) from 2000:00 EDT thru 2040:00 
EDT, July 17, 1996, for the following aircraft: 


TWA 800 : Transponder Code 2633 


TWA 900 Transponder Code 3004 
TWA 842 Transponder Code 3404 
US Air 217 Transponder Code 2237 | 
Air Italia 609 Transponder Code 1547 
BBE (Stinger Bee) 507 Transponder Code 1346 
ASH 5523 Transponder Code 7311 
Virgin Air 009 Transponder Code 6720 


The above aircraft were in the general area of TWA Flight 800 at - ; 
the time of the explosion. When available, please send this data 
by: Federal Express to: oO 


Federal Bureau of Investigation 
Attn: 5\ QED squad 1-46 
26 Federal Plaza . 

New York, New York 10278 


The prompt obtainment of this data is vital to this ge 
agency’s investigation. of the explosion of TWA Flight 800. 


Should you have any questions please feel free ‘to contact SA 
qs -: the New York Field Office at 


Thank’ you for all of your hard work and prompt assistance 


/ 7 -os  Sincerely, — = 


Cee ae oa | James K. Kallstrom 


TINS s otan “cde Assistant Dir i 
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} 
} ; 
: . 

2 j 
she oa iaaar oir ee ny a OE Sao oi taig  ebaOeRs 

a lee NEN p ‘e 3 fees i bea y cs : 
a2 : ie: ae Recke Ny whens Seri ier fic a Reghiyp Carel en ise eae 


depias: mS y , eee ba a Ad 


FEDERRE BUREAU OF INVES MGaTion 


_,precedence: ROUTINE 
BPE Oe She Leshan 5 I Ss 8 we 8 aad yale 


To: New York bo Te : 
From: SA QD 


I-46 : 
Contacts: 


| Approved By: —yy; , ee 
| Drattea By: Qs sa pee 


‘Case ID #:” 265n-ny-259028 ' (Pending) 


Title: UNSUB(S); — : 
EXPLOSION OF TWA 800; ; 
JULY 17, 1996; - 
AOT-IT-EID 


Synopsis: Notes regarding unclassified NORAD radar data supplied 
to Oceaneering Technologies, Incorporated, for use in analysis in 
October, 1996. 


Enclosures: One copy of NORAD Data anterpretst tor Notes authored 
by 11/02/1996. 


Setaiies whe writer supplied unclassified radar data from the_84 
Radar Evaluation Squadron, Hill . Air Force Base, Utah, POC 

Radar Analysis Ht. telephone~nunber™ 

; “Oseanéering - 

;,. Lncorporated, Upper vy. 
in October,” ‘1996. ° OGeanéer ing was 
for the National Transportation Safety Board (NTSB), and 
was attempting to assimilate all radar data regarding the a 
explosion of TWA Fight 800. The writer also set _u moe 
interaction ta flow and analysis between 
qnniiieniinas .-: honics, Farmingdale, New York, .- 
telephone number ¢ had done work for the 
Bureau regarding ea otaky eet radar’ “data and the explosion of TWA 
Flight 800. : Joa 


bie 


The enclosed notes of 


7 7 ‘who was working as a 
radar consultant for the Bureau for the explosion of TWA Flight 
800. gave the notes to the writer after his analysis of 
them for placement into the file. The notes contain some basic 
definitions of radar’ information, Oceaneering radar plots and 
analysis and attempt at integrating the NORAD data, 
personal file names created by to organize the data, and 
some questions GB had with regards to compiling the data. 
GED <eceived data from the NTSB in different subsets. 


roca ° -€¢ 
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fe To: New York From: SA 
gy. ORes 265A-NY-259@, 1/28/1997 
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COVERSHEET 
_ PRECEDENCE ~ — CLASSIFICATION. : a : 
Cd Immediate Oop Secret _ Time Transmitted: ae “32 Ss 
Priority ; CSecret :. Sender’s Initials: ai) eee 
Routine C) Confidential i, ‘ Number of Pages: ee 
CL) Sensitive - (including coversheet) =. 
Unclassified 
To: __RAYTHEON COMPANY Date: 5/16/97 


Name of Office 


Facsimile Number: __(508) 490-2570 @ 
‘ Aa 
b7— Attn: 


o 


ame Room elephone — 


From: _FEDERAL BUREAU OF INVESTIGATION AT NY - 
Name of Office 


Subject: ee . 
Se ee Se 


a Pp ei 
nee Re + 


Special Handling Instructions: 


Originator’s Name: SA 
b 1c Originator’s Facsimile Number: 


Approved: 


" 


Brief Description of Communication Faxed: __ REQUEST OF INFORMATION ‘REGARDING 


AIRPORT SURVEILLANCE RADAR (ASR) SYSTEMS 


e 


U.S. Department of Justice 


- Federal Bureau of Investigatio 


In Reply, Please Refer’ to as - 26 Federal Plaza 
” File No. oO, 7s « New York, New York 10278 
May 13, 1997 


Raytheon Company 
1001 Boston Post Road 
Marlboro, Mass 01752 


In furtherance of an ongoing investigation being 
conducted by the Federal Bureau of Investigation (FBI) into the 
matter of Trans World Airlines (TWA) Flight 800, it is requested 
that your company provide a detailed list of its competitors in 
the field of Airport Surveillance Radar (ASR) Systems 
manufacturing. In addition, a list of all the airports 

b7c (commercial or military) from Boston Center to Washington Center 
which utilize the Raytheon ASR Systems is also being requested. 
It is requested that the information be forwarded to the FBI's 
b?- New York Field Office by facsimile number 


Your expeditious handling of this request is 
appreciated. An estions may be directed to. Special n Pa 
at te number 
at telephone number . 
Your cooperation in this matter is appreciated. 
Sincerely yours, 


JAMES K. KALLSTROM | iaten 
Assistant Director in Charge. 


7 upervisory Special Agent 


1 


7c 


- Approved: “At H 2 


® 


COVERSHEET. =. ——«ss s— 
_PRECEDENCE == —_—s CLASSIFICATION . et" a oe 
&] Immediate ‘  C) Top Secret - Time Transmitted: /0°4 +4 
CJ Priority -  C)Secret : Sender’s Initials: RSK Deed 
(] Routine Clconfidential ‘- . ‘Number of Pages: 2 
aot: 
(] Sensitive oo (including coversheet) 
KJ Unclassified : 
To: LOCKHEED MARTIN CORPPORATION Date: 5/30/97 
Name of Office 


Facsimile Number: 315-456-0286 


—_—_ a7 
ame . Room elephone 


From: FEDERAL BUREAU OF INVESTIGATION AT NY. 
Name of Office 


Subject: 


Special Handling Instructions: 


Originator’s Name: s Telephone: 


Originator’s Facsimile Number: aaa a bo 


Brief Description of Communication Faxed: - REQUEST OF INFORMATION REGARDING 


AIRPORT SURVEILLANCE RADAR (ASR) SYSTEMS. 


pre 


' Lockheed Martin Corporation: 


In ‘Ropig. Please Refer to 
Fils No. : 


Ocean Radar and Sensor Syetene 
P.O. Box 4840, EP5 
Syracuse, New York 13221 


Attn: Qa 
Dear qa 


@ PEERS Oe Feed 


U.S. Department of Justice = - 


’ Federal Bureau of Investigation : 


26 Federal Plaza 5 care oe 
New York, New York 10278: 
May 22, 1997 : 


In furtherance of an ongoing investigation being 


conducted by the Federal Bureau of Investigation (FBI) into the . 
matter of Transworld Airlines (TWA) Flight 800, 


it is requested 


that your corporation provide a detailed list of the various 
types of airport surveillance radar (ASR) systems it 
manufactures. In addition, a list of all the airports 


(commercial or military) from Boston Center to Washington Center 


which utilize the Lockheed Martin ASR systems is also being 
requested. It is requested that the information be forwarded 
to the FBI’s New York Field cas by facsimile number (212) 


Your expeditious Handi dag of this Jecueet: is 


appreciated. An 


estions may be directed to Special Agents 
telephone number eran, : 


Your cooperation in this matter is appreciated. 


Sincerely, 


JAMES K. KALLSTROM 
Assistant Director in Charge... 


Supervisory Special Agent 


£ 


j 


. PL-445 (Rev. 2-16-95) 


COVERSHEET 


PRECEDENCE CLASSIFICATION. re 
Ep Immediate: ; . C1 Top Secret oe Time Transmitted: (1.17 5707 
C1 Priority C] Secret - . Sender’s Initials: RSK 
CJ Routine C]Confidential *. - "Number of Pages: 2 

(] Sensitive , (including coversheet) 

CX] Unclassified 
To: TEXAS INSTRUMENTS CORP. ; - Date: 5/5/97 _ 

Name of Office ; 
Facsimile Number: 972-927-3398 a | 
Room elephone . wt. i 
From: FEDERAL BUREAU OF INVESTIGATION ote 
Name of Office 


GSAE ~ne Youd y O08 - Subat 
SEARCHED LZ 2 ANDEXED 
penne A -2 LED _ 


. Subject: 


bic 


may 9 6 1897 


coi— Nev YORI : 


Special Handling Instructions: 


Originator’s Name: ‘Telephone: ~~ 


Originator’s Facsimile Number: 
Approved: fe 
Brief Description of Communication Faxed: . ~~ REQUEST OF INF ORMATION REGARDING 


AIRPORT SURVETLLANCE RADAR SYSTEMS (ARS) - 


bir 


'. Texas Instruments Corp. Law Department 
P.O. Box 655474 Lo ce Mee 


. U.S. Department of Justice 


Federal Bureau of Investigation 


a 


“Ta Rily, Pes Ree 7 . ts 26 Federal Plaza 
FileNo.. er New York, New York 10278 | 
May 1, 1997 


Mail Station 241 . _ eee 
Dallas, Texas°75265 ~~ 0 7 


ae 
Dear QD 


In furtherance of an ongoing investigation being 
conducted by the Federal Bureau of Investigation (FBI) into the 
matter of Trans World Airlines (TWA) Flight 800, it is requested 
that your corporation provide a detailed list of its competitors 
in the field of Airport Surveillance Radar .(ASR) Systems 
manufacturing. In addition, a list of all the airports 
(commercial or military) from Boston Center to Washington Center 
which utilize the Texas Instruments ASR Systems is also being 
requested. It is requested that the information be forwarded to 
the FBI’s New York Field Office by facsimile number 


Your expeditious handling of this request is: 


rat t telephone number 


‘Your | cooperation » in this matter is appreciated. - 


oor 


Sincerely yours, — 


JAMES K. KALLSTROM . . 
Assistant Director | in: ‘Charge < | 


upervisory Spécial Agent 


ee 


(IUBVI998)° aaa. ee See See 


FEDERAL BUREAU OF vee aaron — 


_. Dates, 05/21/1997". 


meee 
EN 


From: New York =~ 
ee ee 


Contact: SA 


pie Approved By iy 


Drafted By: : 
“cage ID #2) 265A-mv-259028° ending) = .* ee 


3 Title: UNSUB(S) ; 

7 EXPLOSION OF TWA FLIGHT 800; 
JULY 17, 1996; 
AOT-IT- EID 


Synopsis: Response to request made Py ‘the FBI of Texas 
Instruments Corp. 


Administrative: Reference Buletter, dated 05/01/1997, which was © 
sent to Texas Instruments Corp. 


- Details: Attached is a letter drafted - the Texas Instruments 
Corp. (TIC) responding to the FBI’s request for information 
related to TIC’s competitors in the field of Airport Surveillance 
Radar (ASR) Systems and their sites in New England and mid- 
Atlantic states. 


o¢ 


UPLOADED 
WITH/TEXT 
WITH/OUT TEXT. 
BY 


Dad MO Sere Sh 
oe TD 


Eon me a aap SUB And 


exas Instruments Incorporated 


; y . - P.O, Box 801, WS 8041 - 
. Texas 75070 


Bee WM og 


INSTRUMENTS _ 


14 May 1997 


in reply refer to: 
431-330-3419 


U.S. Department of Justice 
Federal Bureau of Investigation 
26 Federal Plaza_ 

New York, New York 10278 


. 


ATTENTION: Mr. James K Kalistrom 
Assistant Director in Charge 


SUBJECT: Response to U.S. Department of Justice, Federal Bureau 
of Investigation request, faxed 05 May 1997, . 
regarding Texas Instruments Incorporated Airport 
Surveillance Radar (ASR) Seems 


Dear Mr. Kalistrom: s 


Texas Instruments incorporated (Tl) was a principal supplier of Air Traffic Control (ATC) 
hardware from the late 1950’s through the early 1980's. In early 1986, TI made a . 
business decision to discontinue the production of ATC spares and by mid 1987, TI 
completed the delivery to the Federal Aviation Administration (FAA) and Department of 
Defense (DoD) of residual material, tooling, and copies of engineering documentation 
required by the FAA and DoD for continued support of the Tl manufactured arent 
Completion of this delivery terminated TI's ATC business unit. 


TI no longer has and is unable to obtain a listing of the airports (commercial or military) . 
" which utilize Tl manufactured ATC equipment. Information regarding the airports from 
the Boston Center to the Washington Center that utilize T! Airport Surveillance Radar . 
Systems can be obtained from either National Transportation and Safety Board (NTSB) . 


representative QZ tclephone number QR or FAA 
representative Qi telephone numberqii> Qi. 


should also be able to prove’ you with a current list of the manufacturers of ASR 
systems. 


SEARCHED iD 
SERIAUZET 
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yet REW YORK 
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Page 2 
431-330-3419 


In the event any additional iforndalion ‘and/or clarification is desired, please contact Mr: 


at QED or by fax at (972) 952-2840, —— in the 
“Legal Depart 5 ES 0: by fax at (972) 927-3398. 


7c Sincerely, . 


, Systems Group 
Manager, Electronic Systems Division 
Defense Systems & Electronics 


LGS/DQ/mh 
MISC 


a 


(1231/1998). 


be New York 


From: ‘New york 


I-46. 
Contact: 


hrc approveal¥] a are 
ee eee a 


Case ID #: 265A-NY-259028 eee 


Title: UNSUB(S); : aa ee ¥% : ie ete 
EXPLOSION OF TWA FLIGHT 800; 
JULY 17, 1996; 
AOT-IT-EID 


Synopsis: Response to request made by the FBI of Roe ReaD 
Grumman Corp. 


Administrative: Buletter, dated 04/08/1997, which was sent to 
Northrup Grumman Corp. 


Details: Attached is a letter drafted ms the Northrup Grumman 
Corp. (NGC) containing the names of NGC’s competitors in the 

field of Airport Surveillance Radar (ASR) Systems, as well as a 
list of NGC/Westinghouse Radar Systems and their sites in New a 
England and Mid- Atlantic states. ~ 


¢ 


UPLOADE! 
Ye MENT ep 
wi 


TH/OUT TEXT. : 
BY ip 
DATE p-5 99 


acer : Guan Meee . Northrop Grumman Corpora 
Post Office Box 17319, -  : 
, Baltimore, Maryland 21203. . 


" Veh - 


April 18, 1997 .: 


'-.. Federal Bureau of investigation , ; . sak? YRS 
26 Federal Plaza rh es le ae aes? seg 
New York, New nok 10278 : ; 


Re: TWA Flight 800 Investigation 


b 1c Dear SAGE 


This letter responds to the Bureau’s request for information dated April 8, 1997 
conceming the various East Coast airport locations of radar systems manufactured by 
the Electronic Sensors and Systems Division of Northrop Grumman Corporation, 
formerly the Electronic Systems Group of Westinghouse Electric Corporation. The 
-enclosed list provides the locations of Airport Surveillance Radar (ASR-9), Air Route 
Surveillance Radar (ARSR-4 and ARSR-3), Long and Short Range Tactical Radar 

_(TPS-70/75, TPS-63), and Mode S Beacon System, a next-generation aircraft location 
system using both aircraft transponders and ground-based beacon system sensors. 
Competitors who may have sold operational radar systems in the Washington-Boston : 
corridor include General Electric, Rayineon, a Aircraft, Texas Instruments and 
Lockheed Martin. Ha 


| hope this information is helpful in your ee 


Sincerely, - 


ee Bien Govemment Contracts 
Commercial 


Enc! 


TWAlnvetdoc 
@ Recycled Paper ~ 


NORTHROP GRUMMAN/WESTINGHOUSE RADAR SITES SIN NEW > 
. SESE NSE MID-ATLANTIC STATES - 4/16/97. 


Oeas Vil “ pyrene! Sie, oe 
Bucks Harbor, ME... = rn eae 
Gibbsboro, NJ... a - 
Riverhead, NY (replaced ARSR-3) 
Remsen/Utica, NY _- 

North Truro, MA . 

; Baltimore, MD (Northrop ‘Geumasa); 


gies Oe ye = 


Seti as aes 


| MODE BEACON SYSTEM: 


Atlantic City, NJ (2 each) . 
Baltimore, MD 
Harrisburg, PA 
Hartford, CT (Windsor Locks) 
Buffalo, NY : ; 
Syracuse, NY : : 
Washington, DC (Andrews AFB) 
Providence, RI (Coventry) 
Philadelphia, PA 
Pittsburgh, PA 
Bangor, ME 
Norfolk, VA 
Boston, MA : : 
Atlantic City, NJ (Elwood) 
Washington, DC (Dulles) oe : ; 
New York, NY (JFK). . fe 8 ge ee Fe a re eT, - 
Roanoke, VA . 
Rochester, NY 

Saint Albans, VT 
Albany, NY 
Portsmouth, NH (Chester) 
West Point, NY (Stewart APT) 
Newark, NJ ; 

_ New York, NY (slip) ; ee Sg 
White Plains, NY ne ie es A hee ee | 
Washington, DC (National) — oh ’ Pe eS ae ee 
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AIRPORT SURVEILLANCE RADAR, MODEL 9 (ASR-9): .: 3 


Andrews. AFB, MD ‘ 
Atlantic City, NJ - 
Baltimore, MD 


@®@@¢ @ 
i 


Boston, MA - 7 

Buffalo, NY = cs 

Chantilly, VA ules) : 
" Charlottesville, VAs. 

Chester, NH . - 

Coventry, RI Pevidssesy 

Cumberland, ME Ste oe 

Harrisburg, PA , —_ ia 

Islip, NY > 

Lynchburg, VA 

Nantucket, MA 

New York, NY (JFK) a 7 

Newark, NJ - : 

Newburgh Stewart, NY > - 

Norfolk, VA 

Philadelphia, PA 

Pittsburgh, PA 

Richmond, VA 

Rochester, NY 

Syracuse, NY 

Washington, DC (National) 

White Plains, NY 

Windsor Locks, CT 


AIR ROUTE SURVEILLANCE RADAR, MODEL 3 (ARSR-3): 


Bedford, VA 
Binns Hall, VA 
Clearfield, PA 
The Plains, VA 


TPS-70/75 LONG RANGE TACTICAL RADARS 


oe 


e Baltimore, MD (Northrop Grumman - 3 each) 
e Rome, NY 
e State College, PA 


TPS-63 SHORT RANGE TACTICAL RADARS: “ 


° Dam Neck, VA" 
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‘Drafted ‘By? Cres 
a Bema | Soyo gafecae ee 
“Case ID 3; -265A-NY-259028. _ (Pending). | Pigs See ee : 
Title: UNSUB (8) ; 2 ae a 
EXPLOSION OF TWA FLIGHT: "800, | 
07/17/1996; 


AOT-IT-EID .-. 


Synopsis: Response to request made by the FBI of Lockheed Martin 
Ocean, Radar and Sensor Systems. 


Administrative: ReBuletter, dated 05/22/1997, which was sent to 
Lockheed Martin Corp on 05/30/1997. 


Details: Attached is a letter drafted by Lockheed Martin Corp. 
in response to the FBI/NYO’s request made of Lockheed Martin on 


05/22/1997. 
i he 
+4 
WITHTEXT ue <i e aie 


WITHOUT TEXT 
BY 


Lockheed Martin Ocean, Radar tems 
PO. Box 4840, EPS-111A Syracuse PN ; ; : : 
Telepbene sae MAR anes Facsimile 3154560086 Poe a r ie 


June 2, 1997. | | a ho ee 


Special Agent oa 
Federal Bureau of Investigation 

26 Federal Plaza 

New York, New York 10278 


Dear Agen QD 


In response to your ‘siiieat of 22 May, ‘Lockheed Martin does not 
manufacture Airport Surveillance Radars. We do, however, manufacture long 
range radars that are used in air defense applications. Some of these, primarily 
the AN/FPS-117 as provided to the US Air Force, serve a dual role and provide 
enroute air traffic control information for air traffic control purposes. 


To the best of our knowledge, none of our radars provide coverage for 
either Boston or Washington Center. 


If we can be of further assistance, please feel free to contact us.- 


‘Sincer 


_ (1281/1995) 


: Precedence 


New York 


To: 


PYon: New York 
: ; I-46 .- 
Contact: SA 


» 


p7c Approved By: 
Drafted By: 
Case ID #:. 265A-NY-259028 (Pending): | AE 
Title: UNSUB(S) ; 
EXPLOSION OF TWA FLIGHT 800; 
« JULY 17, 1996; 
AOT-IT-EID 


Synopsis: Response to request made by ene FBI of the Federal 
Aviation Administration (FAA). 


Administrative: Reference Buletter, dated 06/02/1997, which was 
sent to the FAA. 


Details: Attached is a letter drafted by the FAA in response to 
the FBI/NYO’s request made of the FAA on 06/02/1997. 


o¢ 


UPLOADE 


wirutext____-&<— 
WITHOUT TE? | et 


SA - Pe ee 


OPCA-2Z0 (12-35-96) - . 


| osisa BUREAU OF oo) 
 FOIPA: 
DELETED PAGE INFORMATION SHEET 


explain this deletion.“ 


i) Belton were made pursuant to the exemptions indicated below with no )segregable material available for 
_ Telease to you. m 


Section 552 ra. re Section ss 
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© Information pertained only to a third party with no reference to the subject of your request or the subject of your 
request is listed in the title only. vom 7 


for review and direct response to you. 


Pages contain information furnished by another Government agency(ies). “You will be advised by the FBI as 
to the releasability of this information following our consultation with ie other r agency(ies).. Ey A) 


a 


Page(s) withheld inasmuch as a final eelea determination has not been made. You will be aised as to the: 
disposition at a later date. : : 


Pages were not considered for release as heya are + duplicative of 


6 Pektay VRE ae, . 4 a or 


Page(s) withheld for the following eee 


(4 The following number is to be used for reference regarding these pages: 
265A-NY-259028 Sub NN, Serial 


a a “ae ns | XXXXXXXXXXXXXKXKX 
2 : X Deleted Page(s). X 

: X No Duplication Fee X. 
for this page | 


XXXXXK : 
XXXXXK Oetatalee 
XXXXXK° . 


; 1001 Boston Post Road 
Marlborough, MA 01752 
el 508.490.3148 
~ Fax 508.490.3094 


“June 18, 1997 


Supervisory Special Agent 
U.S. Department of Justice 
Federal Bureau of Investigation eo. es Lot ae 
26 Federal Plaza rir a ee nla ee 
New York, New York 10278 . a 


Re: Airport Surveillance Radar Systems | 


Dear qa 


We are in receipt of your letter dated May 13, 1997 toQMMMof = 
Raytheon Company requesting .nformation regarding Airport Surveillance Radar 
(ASR) Systems, and have gathered together the information we had available to 
respond to your request. Please understand that we are not necessarily in the 
best position to know exactly what the Government has done with each one of © 
the systems we have manufactured and would assume that the Federal Aviation 
Administration (FAA) and the Department of Defense would possess the most: : : 
accurate information in this area. However, to the extent we have been able to. - 
locate information, the following is, to our rKnowledge and pelle! an accurate ~ 
response to your request. 


pre 


aes = Ley ee rae 2 
Pe 


ASR (also known as a Terminal Area Radar) has a 60 nautical mile range andi is 
used for navigation and spacing of aircraft near an airport. Our compemors'| in; 

the field of ASR Systems Manufacturing are both in the United States and: 
overseas. The major systems competitors are Northrop Grumman (formally _ 
Westinghouse) in the United States, Alenia in laly, Mhemeon: in Francs, and 
Siemens pleseei! in the United Hingdem: 7 2 RS 


Based upon our knowledge and belief, Rayttieon h as no civil Airport * re ee 
Surveillance Radars in epee at any pipers ft frop 1 Boston Cates to fe . ie es a 


gee f] 
' 


- Washington Center. ASRs that would Sieeuniabhy be in. operation ats. oS 

“airports j in the United States presently would be the ASR-7s and 8s which were: 

7 “manufactured by Texas Instruments in the 1970s and early 1980s, and ASR- 9s, 
which were manufactured by Westinghouse (now Northrop Grumman) in the 
early 1990s. ASR-4s, 5s and 6s, which were also manufactured by Texas 
Instruments in the 1960s have now been decommissioned, though we do not . 

precoeeniy ew wat nas been done with the equipment, : 


The ASR-10 is a Raythéou- -developed radar and has been sold only to foreign 
civil and military organizations, and is not in use in the United States. Raytheon 
won a contract in August, 1996 to provide the Digital Airport Surveillance Radar 
System (DASR or ASR-11) to the DOD/FAA in August 1996 and currently, per 
schedule, has not yet delivered any systems. . 


in the 1970s, Raytheon provided ASRs to the United States Air Force in a 
transportable version for deployment to locations without air traffic services. The 
system, known by the Air Force as the AN/TPN-19, is in use overseas in Bosnia 
and Saudi Arabia, and to our knowledge is not operational in the United States, 
though the Air Force would be in the best position to provide that information. 


In the 1950s, Raytheon manufactured Air Route Surveillance Radars (ARSR-1: 
and ARSR-2) for the FAA. These long-range radars (approximately 200 nautical 
miles) provide primary surveillance for en route navigation of aircraft and are not 
considered airport surveillance radars. While still in operation, the ARSR 1s and. 
2s have been moved around by the FAA as newer ASARs were deployed, and - 
Raytheon has no knowledge of their current location. The FAA/DOD also . 
operates ARSR- 3s and a which were Meanutactured by Wes pure 


Raytheon Terminal Doppler Weather Radars (TOWR) setvicing Washington 

National Airport and Bostua Logan Airport were commissioned and operational . 
in January 1996. These radars, which were built in the early 1990s, mereotly 
filter out alatt to concentrate on weather detection, 


eo eee & no tngh “fs 
. oe wtih 


ee and optimized for the detection of wind shear i in the airport terminal 
area. °° 


We hope this information has been heipful to your investigation. if there is any. 
Aunties information you desire, please do not heettate to contact me., 


Investigation on 8/06/1997 
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so -» CLASSIFICATION 


_From: FEDERAL BUREAU OF INVESTIGATION 
Name of Office 


Subject: 


Special Handling Instructions: 


Approved: 


AIRPORT RADAR SURVEILLANCE (ARS) SYSTEMS. 


[id Immediate oO Top Secret _ Time Transmitted: 5°75 2-7 
C) Priority C) Secret Sender’s Initials: RSK 
C Routine C) Confidential Number of Pages: 3 
C) Sensitive (including coversheet) 
Unclassified 
. To: FEDERAL AVIATION ADMINISTRATION (FAA) Date: 6/3/97 
Name of Office 
Facsimile Number: 202) 267-5043 
Attn: 202) 267-9633 
Room Telephone — 


a Originator 8 Facsimile Number: , 
| ne — —b2- _______. 


Brief Description of Communication Faxed: REQUEST OF INFORMATION REGARDING 


PTT ay 


‘ U.S. Department of Justice 


Federal Bureau of Investigation — 


oa mi “ 


"In Reply, Please Refer to - «26 Federal Plaza 
- File No. New York, New York 10278 
June 2, 1997 


., Federal Aviation Administration 
800 “Independence Avenue SW ~ 
“Washington,DC 20591 


Re: Telephone conversation 


between Special Agent qa 
GQ (36 the Federal 

Bureau of Investigation and 

Federal Aviation L 
Administration Air Safety 7C_ 
Investigator 


Dear Qa 


Based on recent contact the Federal Bureau of 
Investigation (FBI) has had with Texas Instruments Incorporated 
(TI) regarding TI Airport Radar Surveillance (ARS) Systems, the 

“FBI learned that TI had discontinued production of its ARS 
“Systems in early 1986 and by 1987, TI completed the delivery to 
the FAA of residual material, tooling and copies of engineering 
documentation for continued support of the TI manufactured 
equipment. 


In furtherance of an ongoing investigation being 

conducted by the FBI into the matter of Transworld Airlines (TWA) 
Flight 800, it is requested that your agency provide a detailed 
list of TI ARS Systems currently in use. In addition, a list of 
~all the airports’ (commercial or military) from Boston Center to 
“Washington Center which utilize the TI ARS Systems is also being 
“.requested. It is requested that the information be forwarded to 
‘the’ FBI's New York Field Office by facsimile number 

ba 


ode "Your expeditious handling of this request is 
appreciated. Any questions may be directed to Special Agents 


; 
t 
‘ 
: 
‘ 
¥ 
| 
t 
i 
t 
t 
t 
: 
t 


at tel ec Ala 


‘telephone number 


.Your cooperation in this matter. is appreciated. oH es 


Sincerely, 


JAMES K. KALLSTROM 
Assistant Director in Charge 


Supervisory Special Agent 
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FBI FACSIMILE 
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CI Top Secret Time Transmitted: _$4’067, 7. t 
a C1 Priority ClSecret Sender’s Initials: . RSK ~ ‘ ' 
‘C)Routine Cl confidential Number of Pages: 2H : 
C sensitive (including coversheet) : 

Unclassified ; 

To: HUGHES AIRCRAFT COMMAND AND CONTROL SYSTEMS Date: 9/25/97 - : 
Name of Office : 

j 

Facsimile Number: 714-446-3260 i 
Attn: 

Name Room Telephone ; 


FEDERAL BUREAU OF INVESTIGATION AT NY i 
ee H 


From: 
; . Name of Office 


Subject: 


Special Handling Instructions: : 


t 


Originator’s Name: . = gf Telephone: S  3;C«CD 
Originator’s Facsimile Number: — Se bo a 
Approved: ° Ue 0 Tens ; _ 7 


REQUEST OF INFORMATION REGARDING 


Brief Description of Communication Faxed: 


AIRPORT SURVEILLANCE RADAR (ASR) SYSTEMS. 


~ 


U.S. Department of Justice 


Federal Bureau of Investigation a 


; In Reply, Please Refer) to 26 Federal Plaza 
"File No. New York, New York 10278 
Pet September 25, 1997 


Aircraft Command — 

and Control Systems : 

P.O. Box 3310 © 

“F.U. Bldg. 676, Mail Stop F-216 
“Fullerton, California 92833 


Attn: Bees et Communications 
i In furtherance of an ongoing investigation being 

conducted by the Federal Bureau of Investigation (FBI) into the 

matter of Transworld Airlines (TWA) Flight 800, it is requested 

that your company provide a detailed list of the various types of 

airport surveillance radar (ASR) systems it manufactures. In 

addition, a list of all the airports (commercial or military) 

from Boston Center to Washington Center which utilize the Hughes b7e 
ASR systems is also being requested. It is requested that the 


information be forwarded to the FBI’s New York Field Office by 
facsimile number baw 


Your expeditious handling of this request is 


a ' n uestions may be directed to Special Agents 
at telephone number Qa cr GER 
at ; 


Your cooperation in this matter is appreciated. 


Sincerely, 


JAMES K. KALLSTROM 
Assistant Director in Charge 
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‘on. December 13 1996, Special ‘Agent (SA) 
conducted. the fo owing,,investigation at Jamaica, New York: 
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Precedence: ROUTINE, ae oo see . Date: 10/28/1997, ei 


tm 


EXPLOSION OF “TWA FLIGHT 800; 
JULY 17, 1996; 
_ AOT-IT-EID 


: “Synopsis: Summary of six radar reports/memos from Bureau : 
contracted radar analyst regarding transponder/DFDR (Digital ‘ 
Flight Data Recorder)/CVR (Cockpit Voice Recorder) alignment, and f 
-plots of gor rer pondine correlated radar data. ; 


af 


dated: ; BES 
er ae be wv : 
: ae 10/20/1997 (report) re probablé aircraft primafy 
returns for JFK, Islip, and White Plains (HPN) ASR (“four ; 


Second) ‘radar. 


ae 2 10/03/1997. (report) re p Ai mary returns for JFK, 

-Islip, one White Plains (HPN) ASR Oe noe second”) radar. — 
3. “08/21/1997 (report) 
- returns for TWA Flight 800 on Jul 


e plots of Islip ASR radar 
17, 1996. 


4. 06/25/1997 (eepore 
Gatea/trdnspender returns with ir ae data and loss of data. 


eB: 06/21/1997 ° (meme) re Beanies of alignment of radar 
data/transponder returns with DFDR/CVR data. | i 


. 


6. 04/13/1997 (memo) re initial review of NTSB’s 
preliminary DFDR report. nee eas Hl f 
- Details: “ons epune (1) .was GEE estimate for which réturtis 
were initial debris, TWA 800’s nose section, and the: aft 


ise tage; wing section | (which | traveled the furthest east). 


Enclosure (2) contained che JFK ASR (‘four second”) 
radar data, which, in QM estimation, provided the most 


To: New York rxrum: 
Re: 265A-NY-259028, 04/11/1997 


7 accurate data’ eyailabid in the surrounding area of the TWA 800 
4 ‘explosion...It..was QM belief from his conversations with 
“representatives from the NTSB (National Transportation Safety 
Board) that this data had been in their possession but had not 
-been plotted or coureraced with the Islip ASR (“four second”) 

radar data. 


eye iesede (4) contained the final alignment of radar 
p aaeAy twananonder returns, DFDR, and CVR data to plus or minus % 
“(.5) of a second... All times were calibrated to Boston Center Air 
sRoute Traffic Control; radar time because it was within ¥% (.5) 
Of ° correct ZULU time. Consequently, the time resolution’ 
as estimated to be plus or minus ¥% (.5) seconds. The 
following is the result of the alignment (all times in ZULU - 
HHHH:MM.SS) : 


0031:11.27 Islip ASR transponder return (last for 
Islip) : 

0031:11.50 Last DFDR update 

0031:11.88 JFK ASR transponder return (the FINAL return 
for TWA Flight 800) 

0031:12.26 DFDR end 

0031:12.50 CVR end 


i Of iipeeeanes to note was that the NEXT transponder 
“return would not have been until 0031:14.54 - that was when the 
White Plains (HPN) ASR radar would have interrogated TWA Flight 
- 800’s transponder and, had it still been functioning, would have 
* sent an altitude and transponder code for TWA Flight 800. 
‘Additionally; the DFDR would have recorded its next update at 
“time 0031:12.18. 


Enclosures (1), ), (3), and (4) include large size 


plots. 
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~ October 20, 1997 


VE SIMILE TRANSMISSION 


FOLLOW UP 


VIA E-MAIL 


SAI 
FRI New 90 Sigl)e flce 
2) ede: og Se hoor 


New York. (4. $5278 
De: 


“ne good news is that the large plots went out early this evening via FEDF * 
(#7*" 4844 9550) in one of their tube boxes. 


bad news is that | really did not nave too much time to compare the items 
2dow:: »'th the primary data. However, | did make clear copies of the ( or 
i } and eni pped them back to you in the tube. Very briefly, these clear 4: 
: ‘ale nearly the same scale as my small plots that depict a 3x3 NM area. Hence. y’ 
can lay ther: over any of the 3x3 NM plots tor a quick look-see at what my | * align with 


a: traje: , data. 


tried t to got in touch Qe: | received the faxed material but was not 

able to shase “71 down. Since | was running up on a time limit to ship the large clits 
before the ow: .°' for FEDEX shipping, } did not have the benefit of picking his bran. 16 
his plots. As .y mentioned previously, the last time | spoke i 


‘me that he dic :.2t do any trajectory analysis. This was after | asked if he could . 
provided me with estimated weights. This leads ~e in believe that perhaps paid 


these himself, or possibly Qa they were competed by either A the 


product is of excellent and accurate quality. 


bre 
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“LAé2O/1997 21:27 PAGE a2 


"e bre 


so... Data from their plots can be utilized two ways. (1+ look for a part or object that 
exis an airtraft by estimating its trajectory commencing at time of separation and 
attemptinc: to match up primary radar returns with the trajectory analysis in an effort to 
pin down the most probable surface impact point. And, (2 - from a documented resting 
place of a part or piece, determine its “flying” characteristics, weight, and winds, and 
work the problem backwards from its resting place to determine the most probable 
position (X/y/Z) of the aircraft when it separated. However, since | was not able to get 
in touch {am not aware whether they figured the trajectory from the aircraft 
down or r from the peeling piney back up to the aircraft. 


® ‘The one e thing ! did "do Cndit it was based $f aolely on iy experience with edad) was to provide 
copies of the “7" series plots previously marked up in orange, green, and blue with 
additional markings in green or blue to indicate the probable track of the forward and aft 
portions of the aircraft based on a combination of target timing and TRL. I'll be the first 
‘to admit that it is a “a best guesstimate” on my part but one based on spending some 
time watching little blips work their way through space. Additionally, | provided copies 
-- of the primary target .DAT files with appropriate lines highlighted in blue and/or green 
‘for a ready reference. 


TELEPHONUS INTERRUPTUS 


So okay, we just discussed the above, and then some, so ! guess | can put the 
fingers to rest. BUT! 1 am still in this mess to the end and don’t wony about the $$$5. 
Jfit gets. to the point where “your” time starts cutting in my “BIG $$$5 TIME”, I'll let you 
‘know and we can take it from there. 


BI 


Sincerely, 
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1376.65 ° 
34. 21.25, 50,8688, ~ -3538; 7-00. 1881.25. 
4 50.6800, -.0362, 6.00. 1881.25. 
50.4000, .0413, 7.00, 1881.25. 
59.3099. -.1131, 7.00. 1881.25, 
; sae 3495. 5.00, 1885.88. 
50.8096. .1975, 1885.88. 
Sea STE DUAISGS =1885,88)¢ 
50.6199, -.1138, 7.00, 1885.88. 
88, 50.4296, -.1908, 4.00, .1885.88, 
30.48, 151.4956, - .6742,; 7.00, 1890.48, 
31. 30.48. 50.6793, .2747, 5.00, 1890.48, 
31. 30.48. 51.0900, -.0365, 6.00, 1890.48, 
31. 30.48. 50.3700, -.0360, 6.00, 1890.48, 
31, 35.11, 51.6405, .9930, 7.00, 1895.11, 
31. 35.11, 51.1788, .3560, 7.00, 1895.11, 
31, 35.11, 51.4999, -.1158, 5.00, 1895.11, 
31, 39.72, 51.7445, .7568, 6.00, 1899.72, 
31, 39.72, 51.6733, .8351, 7.00, 1899.72, 
31, 39.72, 51.2088, .3562, 5.00, 1899.72,. 
31, 44.36, 51.7613, 1.3926, 4.00, 1904.36, 
31, 44:36, 51.9232, .8391, 7.00, 1904.36, 
31, 44.36, 50.5599, -.1137, 5.00, 1904.36, 
31, 44.36, 51.2492, .2778, 4.00, 1904.36, 
31, 48.96, 51.9219, .9184, 7.00, 1908.96, 
31, 48.96, 52.0555, .6815, 7.00, 1908.96, 
31, 48.96, 50.5296, .1964, 5.00, 1908.96, 
31, 48.96, 50.8999, .1198, 5.00, 1908.96, 
31, 53.60, 51.9904, .9997, 6.00, 1913.60, 
31, 53.60, 52.0832, .8417, 6.00, 1913.60, 
31, 53.60, 50.5593, -.2688, 5.00, 1913.60, 
31, 58:21, 52.1404, 1.0026, 7.00, 1918.21, 
31, 58.21, 52.0518, .9211, 7.00, 1918.21, 
31, 58.21, 51.2499, .1206,. 7.00, 1918.21, 
32, 02.84, 51.2788, .3567, 5.00, 1922.84, 
32, 02.84, 52.1118, .9221, 6.00, 1922.84, 


' TRL = Target Run Length. Indicated in a value of 1 (smai/) target through 7 (/arge target). 
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'TRL= Target Run Length. indicated in a value of 1 (small) target through 7 (farge target). 
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Enclosed please find copies of primary data plots as you requested. You will 
note that | opted to plot all three data sets (ISP, JFK, & HPN) in order to develop the 
. best possible picture relative to parts/debris disbursement. However, | did not 
incorporate or blend them into a single plot for two reasons. Firstly, the published 
magnetic variations for the JFK and HPN ASR systems (12° ) do not appear correct. 
Hence, any attempt to offset values received by these sites would not have placed the 
targets in their proper relative positions to ISP data. 


Secondly, target data received by the JFK and HPN systems would differ from 
_. the data received by the ISP ASR due to slant range from the receiving antenna. As an 
- example of the slant range factor, | have enclosed a copy of a page (#39) extracted from 
FAA training Manual ETM 12-0-1 [Attachment #1]. 


Since the altitude of the primary target raiuens are not known, the determination 
of slant range correction factor(s) was not feasible. 
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__Inan effort to provide the broadest possible picture relative to primary target 
.. returns, along with plots that would not appear “busy” due to too much information 
“ crammed into-a-confined ‘space, data presentations were completed in pair s from JFK, . 


. ISP, and HPN. One plots depicts target run length values associated with each return 


while the second plot ( in the pair) depicts a numerical value associated with sequential 
: ae of receipt of the data. 


Per your request, | contacted SAA. at the NTSB to obtain the 
estimated weight of the nose section. However, @iMadvised me that the Safety 
Board did not know the estimated weight and further repories that calculations relative 
to the weight were not attempted. 


A description of the data and plots is provided below. 


DATA 


A review of primary data returns in the immediate area of TWA800 was 
» completed utilizing data received by the ISP, JFK, and ISP ASR systems. After 
selected data points were entered, they were plotted and reviewed in detail so as to 


eliminate targets that were associated with aircraft known to be in the area at the time 


of the mishap (USN P-3, etc). Returns selected in this process were entered in the 
computer utilizing the following format: TIME(UTC), nautical mile (NM) range, magnetic. 
azimuth values in ACPS, and a single digit value between 1 and 7 which denoted target 
_run length values. After entry, range and ACP data were converted to an X/Y grid 
format aligned to true north based on magnetic variation values contained in the NOS 
. Digital Aeronautical Chart Supplement in effect at the time of the accident. 


The term, target run length (TRL), in effect, refers to the size of a specific target. 
However, it does not directly reflect the size of a target but rather the radar cross 
. section of a particular target. As an example, one needs to visualize a billboard located 
. beside the highway. When viewed straight-on (like the advertising folks want), YOU will see the 
. full size of the billboard, as 20 feet x 40 feet in height and width, and 6 inches thick. 
However, if the viewer were at a 45° angle and the viewed surface appeared as a 10 x 
-. 40 foot surface, its cross section would be reduced by approximately half. When the- 
same billboard was viewed from a 90° point relative to the advertisement, the same 
“object would appear as 10 foot in height and only 6 inches in width. At this angle, its 40 
foot width would not be visible. Hence, a tumbling primary target, such as a large piece 
of aircraft skin, or a part from an aircraft, could register as a TRL value of 1 through 7, 
depending on the size of the cross section it presented at the time of detection. As an 
aid in visualizing the above, see [ATTACHMENT #2]. 
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. File: FAAASP1.DAT 


. ANE primary eden retumns received. by: the. ISP. ASR system between eo 
- +, 0031:15.97' and 0032:31.14 with line‘numbers added to the left of the 
es ,, time column for timing reference in plan view plots [ATTACHMENT #3]. 


ie File: FAAFK1. DAT 
All primary radar returns received by the JFK ASR system between 


1031:16.65 and 0033:12.12 with line numbers added to the left of the time 
“column [ATTACHMENT #4]. e 


File: FAA-HPN1.DAT a 
All primary radar returns received by the HPN ASR system between 


0031:14.54 and 0032:34.42 with line numbers added to the left of the time 
column [ATTACHMENT #5]. : 


PLOTTING 


A series of plan view plots were completed utilizing the data listed above. Plots 
__ humbered as 1, 2, and 3 were utilized in development of the final plots described below. 


PLOT: TWAISP4 | 


Plan view plot covering a 3x3 NM area depicting the last two transponder 
returns received from TWA800 at 0031:06.57 and 0031:11.27, and all 
data contained in file TWA-ISP1.DAT. The numbers immediately above : 
the primary target symbols ( @ ) correspond to the line numbers in the 
data file and denote the sequence in which they were received. 

Additionally, each square mile grid is identified by a letter between A and 

_1.. Scale:.major increments = 1 NM (6,071 feet), minor increments = 0.10 
NM (607 feet). As can be seen by the over-writing of numerical and target 
symbols, addition and display of real time values would have made for a 
busy and very hard to read plot. Hence, it was determined that display of 

.. the appropriate line number signifying time sequence made for a more 
readable plot [ATTACHMENT #6]. : | 


1 All times shown herein reflect adjusted timing per DFDR correlation and indicate Coordinated 
Universal Time (UTC). 
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~pLor? TWAISP4A thru 4\ 


-Aseries or in view plots (9) depicting 4x1 square NM areas with the 
letter indicated on the smaller (3x3 Nm) plot appended to the number 4 to 


. signify the area covered by the individual plots. Numbers immediately 


- above the primary target symbols correspond to the line numbers in the 

; data file and denote the sequence in which they were received. Evident 
in this series of plots is the fact that the over-writing of numerical and — 

., target symbols does not occur as was apparent i in the 3x3 square mile 

: plot. ‘These plots. are ‘provided for the purpose of digitally scanning the 
“material into a computer should further analysis be required by outside 

_ agencies. Scale: major increments = 1 NM: minor increments = 0.10 NM 
as TTACHMENT #7]. 


PLOT: TWAISP5 


Plan view plot covering a 3x3 nautical mile NM area depicting the last two 
transponder returns received from TWA800 at 0031:06.57 and . 
0031:11.27, and all data contained in file TWA-ISP1.DAT. In this plot, the 
numbers immediately above the primary target symbols ( @ ) correspond 
to the Target Run Length values (7 thru 7) indicated under the column 
headed TRL in the data file. As with the above plot, each square mile grid 


-. ‘is identifi ed by a letter between A and I. Scale: major increments = 1NM, 


minor increments = 0.10 NM As can be seen in this plot, over-writing of 
numerical and target symbols is also evident and demonstrates that had 
time values been added to the display, information would have been 
nearly impossible to distinguish [ATTACHMENT #8]. 


PLOT: TWAISPSA thru 51 __ 


A series of plan view plots (9) depicting 1x1 square NM areas with the 
letter indicated on the smaller (3x3 NM) plot appended to the number 5 to 
_. Signify the area covered by the individual plots. Numbers immediately 
above the primary target symbols correspond to the Target Run Length 
values indicated under the column headed TRL in the data file. Scale: - 


major increments = 1NM, minor increments = 0.10 NM [ATTACHMENT #9]. 
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PLOT: TWAJFK4 
Plan view plot covering a 3x3 NM area depicting the last transponder 
returns received from TWA800 at 0031:11.88 and all data contained in file 
TWA-JFK1.DAT. Numbers immediately above the primary target symbols 
correspond to the line numbers in the data file [ATTACHMENT #10]. 


_ PLOT: TWAJFKAA thru 41 


- Aseries of plan view plots (9) depicting 1x1 square NM areas with the 
letter indicated on the smaller (3x3 NM) plot appended to the number 4 to 
signify the area covered by the individual plots. Numbers immediately 
above the primary target symbols correspond to the line numbers in the 
data file [ATTACHMENT #11]. , 


PLOT: TWAJFK5 


~ Plan view plot covering a 3x3 NM area depicting the last transponder 
returns received from TWA800 at 0031:11.88 and all data contained in file 
TWA-JFK1.DAT. Numbers immediately above the primary target symbols 
correspond to the Target Run Length values (1 thru 7) indicated under the 
column headed TRL in the data file [ATTACHMENT #12]. 


PLOT: TWAJFKSA thru 5I 


A series of plan view plots (9) depicting 1x1 square NM areas with the 

_ letter indicated on the smaller (3x3 Nu) plot appended to the number 5 to 
signify the area covered by the individual plots. Numbers immediately 
above the primary target symbols correspond to the Target Run Length’ 
values indicated under the column headed TRL in the data file. 
[ATTACHMENT #13]. 
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PLOT: TWAHPN4A.- es 
Plan view plot covering a 3x3 NM area depicting the last two transponder 
returns received from TWA800 at 0031:04.99 and 0031:09.69, and all 

_, data contained in file TWA-HPN1.DAT. Numbers immediately above the 


oe primary target symbols correspond to the line numbers in the data file 


[ATTACHMENT #14]. 


~ PLOT: TWAHPNAA thru 41 


A series of plan view plots (9) depicting 1x1 square NM areas with the 
letter indicated on the smaller (3x3 vm) plot appended to the number 4 to 
signify the area covered by the individual plots. Numbers immediately 
above the primary target symbols correspond to the line numbers in the 
data file [ATTACHMENT #15]. 


PLOT: TWAHPNS 


Plan view plot covering 3x3 NM area depicting the last two transponder 
returns received from TWA800 at 0031:04.99 and 0031:09.69, and all 
data contained in file TWA-HPN1.DAT. Numbers immediately above the 
primary target symbols correspond to the Target Run Length values (1 
thru 7) indicated under the column headed TRL in the data file 
[ATTACHMENT #16]. 


PLOT: TWAHPNSA thru 51 


A series of plan view plots (9) depicting 1x1 square NM areas with the 
letter indicated on the smaller (3x3 Nm) plot appended to the number 5 to 
signify the area covered by the individual plots. Numbers immediately 
above the primary target symbols correspond to the Target Run Length 
values indicated under the column headed TRL in the data file. 
"“[TATTACHMENT #17]. 
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LINE-OF-SIGHT 


Since the subject of line-of-sight (LOS) came up early. on in our discussions, | 
have provided LOS values for the JFK, HPN, and ISP. ASR systems below. The — 

_ calculations were completed utilizing a program developed at the NTSB, and still in use 
- by that agency. The values listed below depict the NM range of the first primary target 
received by the site listed after loss of the flight's transponder signal, and represent the 
minimum MSL. altitude that a target would be detected given all things atmospheric 

- were normal at the time of the event. However, as you are aware from the presence of 
surface (primary) targets extracted from the ISP primary data set at ranges exceeding 
‘0. NM, it appears that these targets were the result of a lemperalile inversion at the 

_ time of the incident. 


RANGE - MINIMUM 
ASR from ASR ALTITUDE 
JFK 50.46nm_—s. 1,687’ 
HPN 53.34nm 1,885 
ISP 21.51nm 306' 


Keep in mind that, based on a standard set of circumstances (weather, atmosphere, 
radar tuning, etc.), the ASR antenna should not receive or r detect primary targets below the 
minimum altitudes listed above. 


TARGET SELECTION 


For the most part, primary targets were selected in the area of the last received 
transponder return commencing with the time of the next expected return and 
--. continuing for approximately 1% minutes (0031:14 - 0032:00), with the exception of JFK 
data which continues through 0033:12. 


The selection of above times is based on my experience with past in-flight break- 
up accident sequences and the intentional destruction of target drones, while a GCI 

- controller in the military. These experiences have shown that after a time period of 
approximately 60-75 seconds after an airframe experiences a catastrophic in-flight 

~ failure, primary radar targets tend to represent a scenario more closely associated with 
-. a chaff? drop rane! than an intact aircraft, or portion of one. 


2CHAFF - Thin, narrow metallic strips of various lengths that reflect RF energy. These 
reflectors, when dropped from an aircraft and allowed to drift downward, with the wind, result in the 
appearance of targets of varying sizes on radar scopes (displays). 
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. Abrief visual review of plotted data indicates the HPN ASR system received the 
‘least ‘amount of primary target returns while the JFK system received a larger number 
‘of returns... The difference in the number of primary returns received from these sites, at 
identical ranges, tends to indicate that the temperature inversion played a factor 
ributing to the. lessor number of targets received by HPN versus the larger 

umber of faigets received by JFK. 
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” Of interest i in the HPN data is that after 0032: 34.671, primary target returns 
become very intermittent and cease in the accident area at 0033:07. Within the JFK 
_data, only. 11 targets are recorded after 0032:30, and become increasingly intermittent | 

i ‘with primary targets ceasing ‘after 0035: 21,08 ee” 


Although primary data associated with the ISP ASR was selected through 
0032:31.387 for the purposes of the aforementioned plots, primary target returns within 
the ISP data are indicated beyond 0040:00. Many of the latter targets appeared near 
stationary and no determination could be made-as to whether these targets were 
_aircraft debris aloft or surface targets (small boats) that reportedly responded to the 
scene of the crash. Additionally, the possibility exists that a portion of the ISP primary 
data points could be attributed to heavy dense smoke from a fossil (jet) fuel fire. The 
" foregoing statement may garnish a few snickers, however, | have witnessed several 
occurrences where such smoke conditions appeared on radar (JFK & EWR ASR 
systems) as very faint (TRL 7 values) from structural fires in and around the New York 
City area while a controller at JFK. Additionally, | have observed this occurrence in the 
: Minneapells area while an FAA controller. 


DISCUSSION 


ae -Inan effort to present both sequential target listings and TRL values in a 
: combined view, a series of three joint-plots were created for each of the ASR systems. 
These plots were sa gina as TWAJFK7/7A, TWAHPN7/7A, and. TWAISP7/7A 


: Based on informnaton you sigvided relative to debris locations documented ; 
during the recovery phase [ATTACHMENT # 19], | have marked each of the above plots 

with circles to indicate the locations of debris from the forward portion of the aircraft in 

_ green and the aft portion of the aircraft in blue. Additionally, | have placed an orange 

~~ circle around a grouping of returns that appear immediately to the right of the apparent - 

. flight track of TWA800, approximately 1 N. M. southwest of the area encompassing the 

-- nose or forward section. ‘ 


¢ 


~ Since | could not recall seeing a similar depiction of primary target data while 
visiting CTO nor was there ‘an indication of this debiis pattern in the copy of the 
-Oceaneering plot-indicating TWA800 Tag Locations provided by FAX, | became quite 
curious as to what portions of the aircraft these could be. 


Within the isP and HPN plots, targets located in the orange circle appear to be 
: closely grouped within an area measuring approximately 0.2 NM east/west and 0.4 NM 
-: north/south. Within these plots, both data sets indicate TRL values generally at 3 and 


“end of the’ target fi fi eld. 


ee nthe JFK plots: targets within the orange circle indicate TRL vallipe et between 
5 and 7 while for the most part they appear near the end of the data set. The grouping 
of the JFK data appears to be generally within a 0.4 NM diameter area. 


The relatively tight grouping of these targets in all three data sets (less than % 
NM) would tend to indicate more vertical movement versus lateral movement. 


er Additionally, plotted data indicates targets located within the orange area appear 
immediately to the right (abeam) of the projected flight path of TWA800 at a distance of 
approximately 0.5 NM, at 0031:16.224 in the ISP data set. Coincidentally, the first 

- appearance of this target in the HPN data occurred at 0031:14.792 and was also 
located approximately 0.5 NM to the right of the projected flight path. 

A similar target appears to the right of the projected flight track at 0031:16.895 in 
the JFK data set but at a distance of approximately 0.25 NM. 


id The above information indicates that some portion or component of the aircraft 
. kicked out to the right nearly immediately after loss of the transponder signal and 


~ .- Once it lost the momentum that caused its departure from the aircraft, the part or parts 
_» associated with this debris descended to the ocean surface very near vertically with 
minktial aterat piovement. mM 


- qeriett returns a lacaied within thé green 1 (fwd) and blue (aft) coincide with the 
information depicting debris fields in the Oceatieering TWA800 Tag Location ee 


| doubt that NTSB personnel have plotted all three primary data sets as ~ 


contained in the enclosed attachments although the recommendation to complete such 
a process was communicated. 
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- below. However, both data sets also Meg a single TRL value of 7 near the northern . 


~ experienced a throw to the right of the aircraft's flight track of between 0.25 and 0.5 NM. 


_ > For your convénience, | have pravided three complete sets of text and plots. 
‘Also, | have provided six large (30x30")-plots depicting numbered sequential réturns as 
_ well as TRL values from the three ASR systems. 


; Feel free to call if you have any questions, comments , or suggestions. | should 
be in for the next few aguas 


Very truly yours, 


bre. 


~" Enel. 


VIA EXPRESS MAIL 
_ PACKAGE 1 of 2 = EH549463815US 
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displayed as two targets if they are separated 
by at least 7°. If a twenty-eight foot antenna 
-.. (effective beam width 4°) is being used, two 
argets will be displayed if the aircraft are 
separated by 5°.or more. 


A beacon target close to the antenna will some- 


"the’main’ bang rather than a distinct target on 

_adefinite azimuth. This display is identified as 
“ring around”. 

_.. Properly adjusted Sensitivity Time Control 
- (STC) will prevent the display of ring around. 
Side lobe suppression (SLS) systems will pre- 

vent the cause of the ring around by preventing 

“transponder replies to side lobe interrogations. 
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"FUNDAMENTALS OF PRIMARY AND SECONDARY SURVEILANCE RADAR 
°°" REFERENCE MANUAL # ETM 12-0-1, JULY 1975,. PAGE 39 
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The transponder is equipped with a Low Sensi- 
tivity feature. Operation of a switch on the 
transponder control panel will reduce the sensi- 
tivity level of the receiver unit. Thus, only 
the strongest interrogation signals will be ac- 
cepted; generally the main lobes from I/R sites 
. within 20 miles of the aircraft.” Although most 
« side lobes will be rejected, this feature should 
be used with discretion due to the greatly re- 
duced effective range of the transponder. 


Both primary and secondary radar display slant 
range. Slant range is the most direct line be- 

- tween the ground antenna and the aircraft. 
Thus, the position of the aircraft, as displayed 
on a PPI, is only an approximate geographical 
position (see Fig. 23). _ 
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__ Filename: FAAASP4.DAT 


- ____ TIME XCOORD__YCOORD - TRL’ TOTIM_ . 
, 19.6635, -8:7194, 7.00, 1875.97, 
19.8255, -8.5738, 7.00, 1875.97, 
19.5812, °-9.1178, - 3.00, 1880.66, — 
19.5412, -8.9900, 2.00, 1880.66, 
20.5219, -7.9555, 3.00, 1880.66, 
19.5589, -9.0710, 2.00, 1885.36, 
20.8402, -7.8226, 7.00, 1885.36, . 
19.6552, -8.8604, . . 1.00, .1890.05,. 
21.0380, -7.7499, . 2.00,:-1890.05, 
20.6674, -8.2683, 3.00, 1894.77, 
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0, 31, 34.77, 21.1461, -7.5694, 7.00, 1894.77, 

0, 31, 39.46, 21.2729, -7.5412, 7.00, 1899.46, 
0, 31, 39.46, 21.1692, -7.5045, 7.00, 1899.46, . 
0, 31, 44.16, 21.4237, -7.5947, 7.00, 1904.16, 
0, 31, 48.85, 21.5673, -7.6084, 3.00, 1908.85, 
0, 31, 53.84, 20.1209, -8.5189,. 7.00, 1913.84, 
0, 31, 58:25, 20.6719, -8.4176, 4.00, .1918.25, 

' 0, 32, 02.94, 20.7440, -8.3728, 1.00, 1922.94, 
0, 32, 07.63, 20.7903, -8.3916, 1.00, 1927.63, 
0, 32, 17.04, 21.6710, -7.6450, 4.00, 1937.04, 
0, 32, 21.76, 21.7064, -7.6949, 4.00, 1941.76, 
0, 32, 26.45, 19.9470, -8.9185, 1.00, 1946.45, 
0, 32, 31.14, 20.8015, -8.4704, 1.00, 1951.14, 
0, 32, 31.14, 


21.4118, -7.7759, 1.00, 1951.14, 


' TRL = Target Run Length. Indicated in a value of 1 (smai/) target through 7 (large target). 
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0, 31, 16.65, 
0, 31, 16.65, 
0, 31, 21.25, 
— 0, 31, 21.25, 

0, 31, 21.25, 
0, 31, 21.25, 

0, 31, 25.88, 
0, 31;'25.88, 

“0, 31, 25.88, 

0, 31, 25.88, 

0, 31, 25.88, 
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0, 31, 30.48, 
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' TRL = Target Run Length. Indicated 


TRU. 


5.00, 
6.00, 


1 


Dig ka ith apneben waa ue eee e 


TOTIM -... ws 


1876.65, 


1876.65, . 


1881.25, 
1881.25, 
1881.25, 


“1881.25, 


1885.88, 
1885.88, 
1885.88, 
1885.88, 
1885.88, 
1890.48, 
1890.48, 
1890.48, 
1890.48, 
1895.11, 
1895.11, 
1895.11, 
1899.72, 
1899.72, 
1899.72, 
1904.36, 
1904.36, 
1904.36, 
1904.36, 
1908.96, 
1908.96, 
1908.96, 
1908.96, 
1913.60, 
1913.60, 
1913.60, 
1918.21, 
1918.21, 
1918.21, 
1922.84, 
1922.84, 


a vig acing Baia se rd aac ie lattice Se 


in a value of 1 (smal!) target through 7 (large target). 


if 


oe nes Ee TE CPR See ee Aes ore pee eee een 


. ‘ H 
i uo 
ete Te BTR NDING RDNA Le RAIN IAIN DRE AIT TY et 


AA AA ee Tent tae 


Ded ea ce Sao Rae ee eS 


LERNER he EP TION TE RATT OR IE LTT EPA WS A ERECT REET BTR NIEHS MEE Tie AES EEL GES SETA RS LALOR! TALI RR TET POE APR GE 


a 


~ ~ ~ 


oooo 


coeppepessesesesSeSp SSPE SSESSSSSSOSs 


qooooo°coo°o°c°o 


02.84, 


07.45," 
-07.45,. 


07.45, 


12.08, 


12.08, 


16.68, 


, 16.68, 


21.31 


21.31, 
21.31, 
21.31, 
25.94, 
25.94, 
30.55, 


30.55, | 


35.18, 
35.18, 
39.79, 
39.79, 
49.02, 
53.65, 
58.25, 
58.25, 
02.89, 
02.89, 
07.51, 
12.12, 


50. 4299, 


51.9112, 
52.1104, - 


51.3088, 


_ 52.1455, 
51.2799, 
16.68, 


52.1132, 


"52.0518, 
50.7099, 
, 52.0488, 

21.31, 
21.31,> 


50.4996, -. 
50.8400, ~ 


50.6796, 


50.8400, 
50.6796, 
52.2687, 
52.1455, 
52.3018, 
52.1765, 
52.3392, 
52.2004, 
52.1088, 
52.2987, 
52.2403, 
52.2781, 
52.3065, 
51.5296, 
52.3944, 
52.3032, 
52.2987, 
52.4974, 


’ 


7.00, 1922.84, 


, 5.00, 1927.45, 
6.00, 1927.45, . 


7.00, 1927.45, 


7.00, 1932.08, | 


7.00, 1932.08, 
7.00, 1936.68, 
6.00, 1936.68, 
5.00, 1936.68, 
7.00, 1941.31, 
5.00, 1941.31, 
5.00, 1941.31, 
5.00, 1941.31, 
5.00, 1941.31, 
5.00, 1941.31, 
5.00, 1945.94, 
7.00, 1945.94, 
6.00, 1950.55, 
6.00, 1950.55, 
5.00, 1955.18, 
7.00, 1955.18, 
5.00, 1959.79, 
5.00, 1959.79, 
7.00, 1969.02, 
7.00, 1973.65, 
5.00, 1978.25, 
4.00, 1978.25, 
5.00, 1982.89, 
5.00, 1982.89, 
5.00, 1987.51, 
6.00, 1992.12, 


ee ene at See nee toate ET ne ec 


ET OR eT re ee EE EE TTT EU EARN ESET 9+ 


EFT Pra eS ON eee gt Sage ee ee eh eee te MEE a 
i. . aes ann : if 


a4 


ii Ps Peas 0 a a ee 


rag TET A Uppy OE i Sle iat be ee OIE CO Reet Na teal ob che 


“oT. 


ETT Ue 


-25.6844, 


1874.54, 


1893.34, 
1893.34, 
1898.03, 
1898.03, 
1902.58, 
1902.58, 


“1907.42, 


1911.97, 
1911.97, 
1912.11, 
1935.60, 


- 1945.01, 


1954.42, 


Ser GATE. SAT AAR DRYER ER Sa TE SO TETER ee Be eT I eC ET OTC nO Rn OCD 7 ETON SEE UME OL CS etn eer ESCORT Ls Ser Mr The oe EE SS oo 


deena Ata 8 th AEDES Act mee UTE 


ATTACHMENT #6 


* NSO - ISP PRIMARY TGTS 


+ TWA800 - ISP DATA 


SS eee AE PE 


ea: Leal A Ale toad’ = Set 9” FS Ae Ee de AE be Tatlin ele 


-EAST/WEST RANGE IN NM. 


tT 


: seve, Be deen ree en o eae ae mde ne ee nme tee tena amma See a nee ee 


er 2 PPE Aa ane ENS Gene aelate S DORR MEAL OEM RES em et fee rte ea tee Se pale aba ee non bTeaeeebad ome 


i 2 . + a ero. cee me Mie at mie eA 
vated ae Cee ty eb nn vk So ane ate as ae J iP Govier S 
AOtn ld sie he LI, Ee A Pala Raga aa LS Se WS 


EAST/WEST RANGE IN N.M. 


WN NI JONVH H.LNOS/HLYON 


” TWAISP4A 


i 


Set ee, ee SET 


mee TAL ere eee ee ee 


Gacks an 


Miche ys 


Die Oper nireenreees Cr Lien e mere nNCCne een Ws Teen eal eet Sates eo 


211.27 


0031 


06.57 


0031 


? 


dee peene Oe ene AUT A BL FERN IEE  ORER Aa EN te OR RITE IY REE PS 9 RECT OT 


PTR Pe I en eet nt ge 


| 
a 
i 
5 
i 


Hd iin As Se 


OS OEE ER NET OMA OD ae 


Wt ee re FURY OED BONE ee ee 


met rt 


Ss ichdisiniadaaehnanisbedsemedeaadhacmenemnannaadadin totes oereaach ssn adiinet onde des aedhiontundlidie ite ocicaseacoa 


Ee aby EEE LE ae SER EE ee Cae ees Bed LAGE tent LE NEI eR EAN uae, NG DN AE ML Te SE EE tn MALL LER el hh NER k tab Berne i RETO any 


eee En det cee Ba putea a A oe 


SOR aimte dead Meee NLR DUNE AN Ce? ROT Ll aT, HTP RE gk TET LAME RE oe 
a> 


e NSO - ISP PRIMARY TGTS 
-e TWAS8OO - ISP DATA | 


thet ee a MS ed 9 Ciel eal tale htm anna aad 


sat ca tA A 


pe ON py ek By 


“nectar 


TWAISP4H 


J Raveena nn ANON Nn Or mata Ate ts Mae 6 


NUMBERED SEQUENTIAL RETURNS 


ft td 


<P OEE RY PY PCO er SOP” 


SRS Oey ae tee ATT eT 


Pome treme ant eee 


Ee ae OL CU nt SE LE 
“iE UE ee hee 


“@ -@ 


Bene NE ALT Peas LATER RA RR SEER NI Ned ed DEAE PRT ERE 2 bat he OORT Me ea MA aiden can LE Lt et A A ARE Ante trantete natom ene a tele tle 


Nso - ISP PRIMARY TGTS 
-- TWA800 - ISP DATA 


= 
nl jen 
e 
e 


'W'N NI SDNVY HLNOS/HLYON 


I ho fe OCT PE ELEN BE PPT EO A PR REET REET Ud ONE ke 2 edie Toate Trina atta |r 


. 


“TWAISPS - 


Tb 
. 
¢ 


7 tliat CES, a aretha tenes wenitth 
. 


. 


Sek arm AS TE LA NE on eee eed Rane Dem tae Ete inane Beugeta wyh ee em en Bee he : arta tekstas! hee A te iWylGPtdied Cae kitay & Ankelyen see tec iret tecns eee fs 

nial : 

¥ ‘e , 

~ af 4 
* 


e 


ATTACHMENT #9 


atte 


ess 


eee ey tte ke Fie he ee 
< de a a a 


_EAST/WEST RANGE IN N.M. 


“WN NI SONVY H.LNOS/H.LYON 


s 
’ 
Cy 
, 
, 
4 
‘ 


TWAISPSA thru Si 


9 ets EEE LY NN SAA DONE it TR OLSEN TNS Cote At Bh dent ete Th Me ee ES 


Gd Aaa tee ean ERTS ADDL Rohe a edich ie! 9 YN mt La Aa me MRA Drees tie mmm en LA oem aee oS 


Fe ctl TAO a be AEM t ed a a fee 


8 Fitna Side 


Onn y 


ore 


5 
t 

4 
4 
3 


AYR tte De 


ir 


re: 


HE Tay oA Cote h BP 


SATIS A Wet ean hp 


Bele per eae 
Rene ere 


ellati a ay Pi ne ltt, 


* 


‘ 
Fee med Ak SM MN PORES sh ae Yeh ge AUR IN, TEE EE Cat eee Nee Pe a eee ae SO © RE ee ee he Se eee veg teak ek Een Pine Sut ate RR Nate th es aN age Ce a Natl ih mln Nh A NR Portree etme mans 46 


waht F 


poppers 


ones 


a 


x 


AEs Casta) 
aye 3 


Reacts tigen a eat Seat ot tas Ghai es e * 3p . 
PATE re Tia ad AS Wolodi ae ht 
t 

. . ade 


i 


111.27 


0031 


06.57 


i 

i = ; 
i 5 es 

i : 

} ; ° _- . 


oY Ae EDS OR o 


Sn DE Pr 


Uta isin ae Salt iat A a ehh 


ee Se OESES 


aes 


Aimee te, RAG RAE ERIS AT an cee alata he eB 


TWAISPSE - 


caresses 


PET LER SE PEE ES ES PT I IE eT TT pe TTT RY RT 


TWAISPSF 


IPT ye es 


ores eae 


stp 


Fi 


Sk fra 


3 


WBE at eh 


en a 


ir 


Met oer: 


SESE RMI or Aa Nag PP PDD EP APT ATEN OTRAS TLE PTT TOOT SE alg EMRE, HEEL PE 


NA ETI 


Nan ge yee a neta nis menanepOmET At 


-e TWASOO - IS 


TWAISP5G 


WSS pe ame nee ae mee ty RE EGE Ty PATER OY NRE TTT SORIA A ARATE MS RMT SEALY KATATE 


SEP INB TED 


2 LEAL NAAT ORR Feat tL A ONES ELA RRR QT 


PORTE Bat OT eae Fae RRR VRE ed OTT SEAS Wee OI BEN eT TE ERT BMA DTT HE 


TWAISP5H 


, 
is 
sens mopnoacee 


TOR FERRE SEEN ew ale Onde EO ANY ROT MMR VOT RES FORT, 


ES egy ates 


eit 2 


~ TWAISP5I 


ees Rn mente herent Een Rey D a SEL TO ET 8 PER FOREPE ARTE ARS RT TES PREECE TRIE a me LT PE VS, NE Tey 8 ET RES ay POP FOTN ATONE BO rae» fe TT Te TOI Ome 8 RE MR TE Ray FT NMED Bare ON ROR eee OTT RE Le GOTH ROTI Mel ET ERENT Oy 


Aretha MRE TCE rR ete eas ee vel le ern Smee ATEN Te He Orta Sind tee te a Ye Saag ages” SEG renee wl ae, Gee oy hue ag BH A ee ih Manan © Bagi; wigs Geet & Ga! a ads: 


ATTACHMENT #10 


asa a aL CAT Tae apt BALL BaP OND colt AC atmaion ae Ee ae oa 


52 


3@ 


16 
ents iene li rant 


4 


T2teaet 
e 
343 
ee 


JFK PRIMARY TGTS 


-- TWAS8O0 - JFK DATA 


51 


NSO - 


1: 


WN AEE ARNE AP ETI LET TE La RTT ORI Pete SR EN EL AA a AE TEES Che DI RM MNEs AERA SAIN IALE TINEA EI 


SAUDE RAC SEG PTDL PA ET SDR 
‘ 
: 


eb 


4p ancih F5 APDREEEG Baet 


T 


ent get Aiea St A aN EL cere Oe Oa ANE CELE EE RL REE RE RS TA EON ih On eR i A LD AN OE NN RS cae taba SRC R Rea Bama ATER EN neha ere din nd ad, anlretek mR Ram on tee ereshansincatuamtierdgstin nha nthe, <eancentacmummsmiantie: tna tet dhekinie tet AiROS mo 


| + : : 
a : = _ | 
- : om 
eis 22 = 
— a > | | 
| a | oe | 


eh eine Ot ae 


Ba ER et, ke date A RN AR Alera BM Darl ot A ms SA tte are OS fee 


AT AER Qa te Be a 


© hae emitter tat 


0031:11.88 


WN NI JDNVY HLNOS/H.LYON 


r 


& 


.EAST/WEST RANGE IN N.M. 


"| TWAJFK4A thru 41 


Sissid 


TWAJFK4B 


BE SE Oe RE Te eerie a UO EARN ATR TEEPE YIN OMEN PAIL YT NOY TD BS Fa MOEN BET CIE TR DOPE RR ARTI TO Ramee SH SE oN ARS ATT aa iret 


re Tee, 


SON Vieng t DARREN a TOTO RS Ce ERIE ROA REYE PRET na, apie ng 


TWAJFK4C 


TWAJFK4D 


WTA RP PAE ee TERT TER REED ETRE ERAT ag NTE MEE eat VE aT eT REE By Ey ‘‘ 


nee epee, ORR En I ARETE RENOWN EE RTE A, LE AEN SAMHSA Eat eS Se mT Le ee ee eht ae PN A RACV CRITE TORN nL URED GY BEE LOTS, ed SE ttl PT 


TWAJFK4E 


> As uaa aie TENA OTS LT Te Tee 


Sai. 


tata Me Ze 


el 


we 


| 
1 #5, 
TWAJFK4F A 


te 
SLES Se Boh a OREM vet SAL ONAN TEL, ORG DTN RS SD BREE tip ae REA ESE TE AC RE OTE TS 


db 


TT 6 EI ES 2 


* 


‘| 
: 


TWAJFK4G 


SMTA ed ORDERS ae EE TA Pa e DMT eres" 


Fa pe ena ne EPPO APTA RUG EOE YENI OO SRT EEE PLETE AT RR RUDE TET NRE PD STRATES EEE CRETE CIO SET SO ORREEEORTE SEEN TET EMME FEMA MOREE LETS tb RE NIA FE OE TT RATT ANCL ENE 


TWAJFK4H 


Cea 


x, 


TWAJFK4A | | 


a roe 
é 


: * 
: ~ 
i = 
é 
ad 
4 
at 
‘ SEAS eed f Seaubetdsiecete S, Cunciatdantede tak BSH tet tle cide Sah chet a= el ages, eae a eae nena reece, TET ee eT TE TU bee bere, pea 
ig: asad 25 SAR eR Wo eat epee ee Spe ieee ~tereecigtewe ee. aces e eee 


ee even ete er Neen DRE IaT eee et nC a tee eer lors coc ee 


Jr TAA OS et Mt A ea ene tte le Cet BR Ree a nie bk we ce A Ne ee et EL AT ae be hee a SER RRR cee ee i ean Meta rae Tome me tree 


1 
} 
i 
i 
i 
q 
| 
| 
i 
i 
i 
i 
i 
: 


i 
+ 


eA NNR AN en Pepa an ett 


Ce 


JFK PRIMARY TGTS 
--TWAS800 - JFK DATA 


* NSO - 


( 


2 nuun |) SANTVWA HLDNST NOY LSDYVL 


EAST/WEST RANGE IN NM; 


, 


i 
Ly 


“tent GALE AE NEY RRR CONT ALE I TEL ANB aaah ARNE Eee Nt eT Malt mote ee Pe me oe are Te neni eer etn ranFere tem wire Yume cmem fuaee wfesor esas sms So ses eM ee Re ee atta me REET Be fo cement mene ik mst an a REE a we tee 


ATTACHMENT #13 


bee ate ene ee 


neta ae 


ae 


cae 


PT a Se ee ne are nrc 


$ 
4 
: 
? 
M 
v3 


Se AN AT aed Te tl 


Cal 


© 
© 
aa 
as 


0031 


WN 


N NI SDNVY H.LNOS/H.LYON 


WEST RANGE IN N.M. 


EAST/ 


7 TPIS Oe NT Nae a nT ORO aT aN oe 


4 
2 
¥ 
7 
? 

- 
} 
z 
i 


y 
i 


iM 
‘ 
t 
‘ 
$ 
H 
t 


TWAJFKSB 


TWAJFK5C 


MIL 
SEER ae ae) WO Man 


= CESSES 
ete Bye 


TWAJFKSD | 


AEN FRE TE ie TWO CL, 2 RT, 


+e 


H 


ee ns renee ee 


smn e ee 


TWAJFK5E 


Re NS eg Rf meee rm 


E52) 


TWAJFKSF 


Ba A CMON LEBER Wty C9 gM TCS BUTI ARES dt CASE MORI EN CTA A 2a AT 


219 ROE ENE TO ENON SPE Pe ET ETI othe oe UT eS 


A RR NET BIG LER EE TEE MPEG OT YER ETT EIEIO PET KNEE PLS SS Ce PR Ore 


TWAJFKSG , 


ie th ae Se uae Rented a he a aints, pad iarbaedanteng se a ee ee ee ee ae ee Ie TRE EEE SEE en ge r ae RCRee OFT MPN oy ee tp aM -, 


TWAJFK5H ae: 


Or ee tee A LS cae ES pe mn 


Ao we ene a verre as 


TWAJFKSI 


-s 


Sib) 


les 4 
SO mepea secre OS ROTI SMEARS TPN NTL TILE AEE 


' 

‘ 

.. 
. 


AFA RES RY AG SUSTAIN SOTTh ORTAL  SGAE RCL Sa a OIE ATA IEG ERIE EIST PRU IT LEIP Be A SLURP IS AETE NAMIC SY ONT 


| 


dp SB ICDAY haar end et Soe 


chet 1 Cine tom IPT CRT Tae TRAE TA SEL AT PES TN OE LE ET EA ee UM ROR RT OE a REE Tadd RU the see Ste Brae Wee Tats Ok BOE T AS NTR EN LA SINE OH A 


wT 
yn 
+H. 
= 
< 
O 
~ 
a 


_ 


TET aR Pi A LAT BITE Liat TAN 4 DanC ne oe eee le aad RF 


ob 


be tn manana GRE DA ELE TPA et PRES Tee EE al 0A PINAL EONS ERE I EE TN EL De rete de en atm Lei beet wet m ey oa aad Comte Ae The AE LAN BP OPT AE ANON eit Be PEL tet do Aiba RAN eahlaiAt i aie ors mame mbes de 2 meth A Ram TR REET cos a + 


« N90 - HPN PRIMARY TGTS 
- TWA800 - HPN DATA 


casa ea naan ane 


7 
e 


” 
Zz 
cc 
=) 
_ 
Lu 
o 
— 
< 
_ 
Z 
Lu 
= 
OC 
Lu) 
“” 
fa 
Lu 
or 
Lu 
zal 
= 
= 
Zz 


47 48s 
/WE 


PAE 


f+ ancien Ge EARN ATED ARN CERES te EAM ORD en ETE Ni oS et Cre ne SS er See Oe ee er ner eter eee er Tok ee. ce 


? 
ia 
ae 
4 : 


ATTACHMENT #15 


tena Tiled Gee Se ea NT ee Ae oe ee ee te ete ern einai olan fe re Moe ae 


oie eke 


abe OMAR ATE ST dae Li ta ae NE Ll 


4° = ' 
a 0031:09.69 ) 
. Wb 
| aro, 
| 0031:04.99}. 5 


- NORTH/SOUTH 


ee a 


is 
BR 
ae 


EAST/WEST RANGE 


43h 


TWAHPN4B 


GRMN HORI BE CN WI NT SIDER, USES GSR ra SS TARE TE SOE BLOM TATE th ATAU ONY TST PT MET TA Pia Ne 


SSI TY MT aa MNT EAD POAT BITS TIER IO NENTS FOGLE AME PYLE he” RAL PIAA PAL VN 


ee 


PP SR SEETNINE 


ARTY RTT OEY 


75 


POP ERA CAST: 


[raceme tet on eeeticeet ates 


TWAHPN4C 


ss dona nies ib Go eoa asain orb nai ope Sad eral din cca Senne 


ve eeraen ss 


Loe cee ee ee ree Henny Mie arene ORE EERO BU eT ARR EE ARES IAA TON NESTA EEN Py TO BP 


TWAHPN4D , : 


Ce eon Set eee eS a reater ts Wore inT ne tiee 


, * 


TWAHPN4E , | . _ : 


age 
feel EES OOM Sa MERE RSS te: ERR RA Sma the WEE Phan E 


ee TFET BE APL SPO ITH er A ROME Te TIN DRS 


ene NR AE RR Re En ERY SETI SER OTE OE NED RTE EME OMIT BRN ER, NTT RL TEE TERRE R ETE EE maT wen 


TWAHPN4F : : 


ee te ee ag 808 RTT ce RRO MOTT YTS REY DERI ATL, MPL 


em RRS ee ee ERIN SO ST PU me ee 


Oe ene ne eee ne URE Ee en ERNE EN LORE RSME Seite SREP PRE IE eT EMEA R RE ESA ETAT MRR TET T He 


TWAHPN4G 


ee IR Ee eR ery RETESET, Be OTS SPO mare nly 


adap oe8 Seer 8 js ees eke ee tae eter 


TWAHPN4H 


Fen eR Tene: arpweeente me nemnep enema nnn y FER TT 


TWAHPNAI 3 , : | 


MART ha nee, eth Seater eine eal LE Reet Ne SMO RENN Ce EN TN 8 me ae baie enw ee RE ore 


LIMA Uachok cant abt ees bMO Ge Drenden fee, Alea WALA RAS HEUER TIRART IN A ANE TW AA RED Na 6 Etudes Wt skeen Batt amid ah aL anal RSENS Rt ad ot oe «Tek 1 SUT a a Thm mom ee eme et Medan auntens ner Met licmemctent made emia ateraenBtil SAind rod Ronda was tke B ne ware oo aeebe ment 


= N90 - HPN PRIMARY TGTS 
-- TWA800 - HPN DATA — 


he) 
a 


/SOUTH RANGE IN N.M. 


NORTH 


TARGET RUN LENGTH VALUES (1 thru 7) 


Ma Tend 
Rita 
es 


a and nebicra 8 AHMAD E MONE EEE AIM PTD Poet” oe PPE REPT AV SA ALE PATON FS A RT SE OTROS Ue aR YP rate IER RT Ie OR ae eat RTE MS aM et ANd OF UME a ME Sel ARISTA IOP MORN NN EE A 8 A SEI GImNT Hae Tee REE R IME SOARES ER TA m6 NEL des LARSON vem eiade wre 6 Lt OLN 
Seo. 


NORTH/SOUTH RANGE IN N.M. 


0031 :09.69 


0031:04.99 
aN 


RANGE IN NM. 


_EAST/WEST 


jot 
ae Oe ek ae Bat Bu ves : aie ¥ 
r lies Sua 5 i eee ee Ree ones ie 
ee Se} Boys ae ef ociped «abt ae Saas Fy, 
ee 


fae] 
wo 
= 
Oo. 
Z 
- 


nee 


TWAHPNSC 


OPS RE A NT OO 


Oe a EI FET he oe 


seers 


TWAHPN5D 


ote sae ee ae 


t 
; 
' 
i 
i 


TWAHPNSE . 


on 
fa 
oe ee . eee - - ee mee . Be ee ee ee ee mp Re EE STR Ua eRe RRR NE eRe Laeger Re Te ARORERTYY RA RAL ORY ESF Sd RUT AAS Li ET ERMC EE BIT TN RT EET AY 


TWAHPNSF | | | 


AE RRR PRS meg LEP RE TEN RRR EEO OE ARE INET LE TA ENE ERT RE AE PRS) Re RU ATES RAR AAA SHEL aR TES TRIE RYERSS T OLE OI 
' 


mI ARERR SE 8 MLR FE AMER ER RET DLT NNN OE RTE AEE EAN ROT R NM EMT ETO TERE OS MINE A TEES 


| $= NSO HPN PRIMARY T 
|-© TWA800 - HPN DATA | 


TWAHPNS5G 


OAR Tia RWS ae RIO PIETER IT IS 7 


$ 
t 
: 
. 
: 
i 
i 
f 
4 


TWAHPNSH — os 


ee EER PE TROT FE I RE GE NT he ee EO ED ORE RE ET OL ee ER pn DOE, HOI RO LE EGET OEE REET OT STS TIT 8 SEs 


Le eT are neath RPE aA a CA REE ENN HE EIR a OITA TF OY pl OREN ARO ANN RE Pore 9 oN Tee Se copa hm Bm: 


ru 


‘LENGTH VALUES (1 thr 


TWAHPNS! 


Soir 


REN TETAS TEE IR CT AY REET OPT TS 


bneh SOk 9 ements we 


q 
iy 
i 


t 


idrad ena poetic, cei takes 


erier 
Sach 


2 Reet ena Caner 


St Lene Re TUE AN Ah coe Oe to: 


o 
5 
aS Zz 
re wi 
$0 9 
=y¥ < 
ir 
os _ . 
ae 2) 

tu 
°8 = 
a - 
(@) ” 
0) 
a5 in 
we 4 


‘WN NI ZDNVWY HLNOS/HLYON 


TWAJFK7A 


w 
i: . 
= 
z 
EE z 
< 
<6 o 
Pay z 
Cit e 
a K : 
1 [op] 
to wi 
sO a 
B <= 
o$ ” 
0) 
7 od ud 
» 4 
MN. spa... ght hc o = 
“WN NI SONVY HLNOS/HLYON ee 
. ; 5 
z 


cs mE ee La oe 


Oo 


o- 
it 


& 


SNYNLSY WILNSNOAS GSu3asWNN 


Dia 


HPN DATA 
{ 


« 


HPN PRIMARY TGTS 


-- TWASOO - 


EAST /WEST RANGE IN N.M. 


N90 


-26 


wr i 
SY) qi 


‘WN NI SDNVY HLNOS/HLYON 


‘23 


TWAHPN7A 


(2 nur }) SAN IVA HLONS1 NOY 139uV1L 


HPN PRIMARY TGTS 


-- TWA800 - HPN DATA 


EAST/WEST RANGE IN N.M. 


Nsg0 


= Te) en <°) aoe 
Oe es i - No - 


a es © 


WN NISONVY HLMOS/HLHON- 8 


+ Aaa eer ln A IES rhe eA FEET Woe ne SESE ERIE LP EAST AMLE ae A NR BA eS DE OS SR ae ONT IRA ERT PIR te Tag De tae ate eA Re DN WILT A WL ERE EN rt EIS SLT SATIN Ge NEAT TESTS PIAL MEM, IE PEMA IELTS LOS AS A AL Bot. oa erremar wee! 


’ “© O @) | © 


wl 


7 NSO - ISP PRIMARY TGTS 
-- TWAS80O0 - ISP DATA 


7 NSO - ISP PRIMARY TGTS 
-- TWAS8O0O - ISP DATA 


NORTH/SOUTH RANGE IN N.M. 
NORTH/SOUTH RANGE IN N.M. 


” 
z 
ra 
Gi 
cc 
pan 
<x 
be 
Zz 
i 
=) 
C 
ii) 
7) 
Q 
Lu 
o 
Lu 
oo 
= 
=) 
z 


TARGET RUN LENGTH VALUES (1 thru 7) 


ee 20 210 22 19 20 21 22 
wasn + ~—s EAST/WESTRANGEINNM. TWASP7A EAST/WEST RANGE IN N.M. 


. 
PEDRO DL, I EAU DE UI aot 2 Sh tha trate MRE AN Le ed AR DEE a pa A SL EL ered STING AST DWNT Ol Sree persia rae tet event Last dal at ae Ee a Ee No POE A APO 5 


| | o> 
: = | 
| + : 
. oa “a 
2 fx | 


——= te cee) 
eres memwaveceemace pe te ieee wae . ~ 7 


. 


=f as cava FORWARD 


aathie w 8 


aed leet saikeraien heal 


P.82 


- 
i ae leseiies 
wee 
: 
rs mre een beet es ones» 
ome cemetn  vatemee free 
: 
ii mia Sale, aioe or noe ad 
Paes ameeserae, core ema: esas meee oe 
ae 
e é 
sp Le wee eee cs emer pe eer Fe em T ros 
wees nec Bememttne Tegan re -r 
r. S aTRSREED amemaaennd dditemietenia akettceh aumonetah cone aemane, atl 
ewe he fee eens pees mememet aeenemmiee orn een netnon ae 
: a 
¢ = ier : ad am . Jame mre arte armen wy marten we ee id 
vee aptcane eorenesee men amen ee aaggteion ~ : 
wy. : . : 
° > ° 
. ° , 
% bes em ere “ft enn ge Cae ne etme mee ears cere Ree ees oe ORY OeY 
ere “ .« : 
Baa ~ = 
cic ae cee ere a ag we : 
sarees > Oe ~_ = 
ere °. 
eee ome ee tne eet we nae ete 
etl D creed iretece SS ete 
oc cnc re sntecetntmepee eammentecnmne swe art ecatots 
ww 
7 
epee ee eeepc nn tes eecners cree munmsane aap tmsimes cefeee e cae cem ene meee names 
> 4 
bad 
de gyn eeeatereneate seeneesg ermertone anemme me 
vmantupee: semmecr st eeneian siomunnmnenbe cme sgtenenenmataran gm stieesemammnn 9700+ 
we mete on 
a 


a eee ree ce Seman Caetneme So eerere 6 stom 
mee es oe ae 
meee ee eee 9 een: a 


wre 


rr rn oo 


sero" 1996 


on 


ae annie baad s eeiaitideaen ry 
Pees . | ; 
att eee ee mer ee TCP SEES SRS PRN Pee RE PTS SAUER FE RUT A ERA RIS OTS TI RT OTT SOA EL AEE De TE TILT Oe mh OM EB | 9S LER URE NT ES OTE Oh EPO Er 


7 


= 21, 1997, 


oe VIA FACSIMILE TRANSMISSION 
~ Wheottow up 

VIA PRIORITY MAIL 
she a 
FBI, New York Field Office 
26 Federal Plaza, 23rd Floor 
New York, NY 10278 


Dea : a 


Enclosed [following] please find copies of final plot material and time adjusted data 
files for eee and the unknown ae talget 


go ae Asy you can see on ni plots TWA10 aid TWA 10C, time is depicted at - 

: approximately one minute intervals. By counting the target points between the depicted 
times, you can refer to the enclosed data files to determine exact target times. It was 
=» impossible to list or depict the time for each target return without the Biel being so busy 
that it made no sense. 


PT ne aie ih een tk SRY 


fey cin pa: 


~.. Feel free to call if you have any questions, cofnments , or suggestions. [should .. =. 
be in for the next 2 weeks. 


‘ 
SEDAN ND STF ene fe A PS TRA ET RNY NE REET AR A A OEP 


_ Very truly yours, 


rehome tee epee cicens oat 


ee Se ent een ee Sane ee on ee or) 
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VIA E-MAIL 

| “/FOLLOW-UP 
~ VIA PRIORITY MAIL 
SA 
~ FBI, New York Field Office ! 
» 26 Federal Plaza, 23rd Floor 
New York, NY 10278 F 
are get ne plot overlays and maps went out late this afternoon via Express Mail # 
~EH144596275US with delivery scheduled at your office prior to 1200 tomorrow, August 
_22,-1997, before to noon. UPS may be back to work but they are so backlogged that 
»-they could not guarantee delivery prior to next Monday. Hence, | opted for the U.S. _ bse 
MO ie ee | | | 
You will note that each map (1:250,000 & 1:80,000) have four “bulls eyes” at 


- specific points on the maps. These points correspond to the bulls eyes located on each 
of the overlays. Simply line up the bulls eyes on the overlays with those on the maps 
and you're in business. You may note that there may be a very minor miss-alignment i 
or error with the alignment of the bulls eyes. This is due, in part, to two separate factors 
as explained below. 


t 
~y 
q 


aL r co plete the overlays on n 8% x #1 inch paper in black & white exactly as 
provided to you in ‘other plots. This plot is then photographed (in a contact process) to. 
an 8%x 11 Negative. Once completed, the negative in utilized to complete a photo-like 
process. where the contents of the negative i is applied to clear acetate. In the process 
to ‘enlarge information on the negative to align with the reference points on the map, an 
enlargement value is arrived at to “same-size” the overlay to the map. During this 
process, the development of the enlargement factor is limited to a whole number value 
only. Hence, if the enlargement factor is put at between 345% & 346%, the technician 
will select the whole number value which most closely matches the alignment marks 
since the camera settings do not allow for settings in percentages of decimal values. In 
some cases, this will cause the alignment marks to be off very slightly as the machine is 
el to poe between whole number settings. 


The cecond srobieni lies in the printing of the map itself. During the printing 
(drying) process, a map can stretch or shrink ever so minimally that its overall accuracy 
(for its intended use) is not affected. Additionally, rolling and un-rolling, or folding a 
map will change its overall size (hence scale) to a very minor degree. 


The minimal “miss” or “non” alignment will usually not represent more than a +/- 
100 foot error. 


For ready reference, the scales of the maps relative to real-life values are as 
follows. : 


1:250,000 1" = 6.86 NM 
1:80,000" 1"= 1.10 NM 


_ From the above scales, it is clear that the width of a pencil line drawn on the 
maps could be as wide as % NM which could tend to miss-lead the viewer relative to 
‘ accuracy, 


The s start position of the surface target really (still) baffles me as it does not align 
with any of the inlets providing access from the area of protected waters to the ocean. 
_ At the least, this craft did not want to be around when big things were happening and 
kept going whe the “sun” came out above it with ie documented in-flight explosion. 


I will FAX copies of the plots utilized for the overlays to you later this evening 
(8288) so you can have a ready reference. | do this only because you are pilot and 
they always seem to have a bit of trouble understanding controllers. Specially them 


~Qne 


a eR rte aoe Ste re: 


War pabivantomatasiciets igsous 
a : 


- Navy pilots! 


By the way, you-e can 1 track the whereabouts of the: overlays at the web address 
~ below. Simply: ‘enter the ‘Express Mail: number (EH144596275US) and you mn bs 
informed where itis is in the delivery pictare. : 


_ http: Shaw. uspsottgatey 


a Call if you have any questions. 


Sincerely, 


Encl. (Priority Mail only) 
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-19.0587, 
-20.1174, 
-20.2462, 
-20.2920, 
-20.3447, 
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2214.39, 
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2360.21, 
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2374.32, 
2393.10, 
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2435.40, 
2444.81, 
2454.20, 
2458.89, 


- 2463.59, 


2482.39, 
2487.09, 
2491.79, 


~ 2505.88, 


2510.57, 
2703.21, 


. 2717.32, 


2731.42, 
2745.49, 
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2881.90, 
2886.60, 
2891.29, 


Le LR MARCEL NT EPL MATION ly AE Pre 
‘ 


ag EOE a Ce SEU eld tbe ae 


roe BE 


Wet Sere Pan TAP AUD FORE PAAR oT 


ORE ee, 


FR ARMIES AAG ET AR AT RECEIPT 


i 
t 
i 


ee 


‘Filename: 2633XISP.DAT - TWA800 NSO ISP DATA 
: eu a TIME ADJUSTED 


TIME (UTC) __XCOORD YCOORD MODE“c”™ TOTIM ~~ ~ ee 
= 19, 56.53, -31.2440, -10.3702, 500.00, 1196.53, 
20,: 01.23, -31.3896, -10.3117, 600.00, 1201.23, 
-20,. 05.91, -31.4652, -10.4972, 700.00, 1205.91, 
20, -31.5827, -10.4289, 800.00, 1210.63, 
-31.4363, -11.1347, 800.00, 1215.33, 
-31.4600, -11.3063, 900.00, 1220.00, 
-31.4474, -11.5749, 900.00, 1224.70, 
-31.6038, -11.4676, 1000.00, 1229.40, 
-31.5457, -11.9972, 1000.00, 1234.09, 
-31.5834, -12.2339, 1000.00, 1238.79, 
-31.5909, -12.5163, 1100.00, 1243.51, 
-31.6248, -12.7548, 1200.00, 1248.21, 
-31.5452, -13.2889, 1300.00, 1252.90, 
-31.6689, -13.2267, 1300.00, 1257.59, 
-31.6469, -13.5609, 1400.00, 1262.32, 
-31.6117, -13.7184, 1400.00, 1267.01, 
-31.4808, -14.0652, 1500.00, 1271.70, 
21, 16.41, -31.2564, -14.4858, 1500.00, 1276.41, 
-31.1444, -14.7251, 1500.00, 1281.11, 
-30.8504, -14.8767, 1600.00, 1285.80, 
-30.5993, -15.1627, 1700.00, 1290.49, 
-30.3367, -15.4405, 1800.00, 1295.18, 
-30.0957, -15.6683, 2000.00, 1299.90, 
-29.9017, -15.8012, 2100.00, 1304.59, 
-29.6759, -16.0330, 2200.00, 1309.14, 
-29.3052, -16.4775, 2300.00, 1313.83, 
 .29.1508, -16.5677, 2400.00, 1318.53, 
, 22, 03.25, -28.8849, -16.8294, 2500.00, 1323.25, 
4 - 28.6863, -16.9504, 2600.00, 1327.94, 
, 22, 12.64, -28.3462, -17.3415, 2800.00, 1332.64, 
, 22, 17.33; -27.9126, -17.7904, 2900.00, 1337.33, 
| 22, 22.03, -27.7945, -17.7152, 3100.00, -1342.03, 
, 22, 26.74, -27.5068, -17.8299, 3200.00, 1346.74, 
| 22, 31.44, -27.4328, -17.9618, 3300.00, 1351.44, 
| 22, 36.13, -26.7648, -18.1170, 3400.00, 1356.13, 
, 22, 40.82, -26.2743, -18.3189, 3500.00, 1360.82, 
, 22, 45.51, -25.9000, -18.2952, 3600.00, 1365.51, 
, 22, 50.22, -25.5782, -18.1267, 3800.00, 1370.22, 
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“June 25, 1997 


VIA FACSIMILE TRANSMISSION 


VIA ups NEXT DAY AIR | . 0 RI GINAL 


ey 


S\ | 
FBI, New York Field Office 
26 Federal Plaza, 23rd Floor , 
New York, NY 10278 


@ Dead 


| spoke with @ii during the early evening of June 19, 1997, regarding his 

_ time alignment of radar data. Additionally, we discussed the FDR data he provided earlier this 
month. Following our discussion, ! commenced development of a series of profile view plots of 
FDR and radar data sets to assist in an assessment of final time alignment. 


Below, please find a =e describing the enclosed plots along with the data sets 
plovicee by the Safety Board. — 


~ One important item that rmiist be addressed before ; a discussion can proceed is the 
presentation of time values. In the normal world, time is dealt within the traditional manner with 
60 seconds equaling 1-minute, 60 minutes equaling 1 hour, and 24 hours equaling 1 day. 
However, when it comes to plotting time through the use of a computer, one must convert the 
traditional values listed above (HHMM:SS) to a computer usable format based on a value 
indicating tenths. This process is completed through a subroutine within the program that 
- converts range and azimuth values to an X/Y coordinate system which appends converted time 
values to each (individual) line of data. Converted time is known as Total Time in Minutes or 
TOTIM (MMMM.MM). In the case involving data relative to TWA800, the reader will note in 
attachments containing information provided by the NTSB that time values start at 1135.1835 
and continue through a value of 1872.5000. 
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5 : “In the traditional HHMM: SS time format, the aforementioned TOTIM value indicates the 
“earliest time as 0018:55.10 UTC’ with the latter time being 0031:12.5 UTC. As an additional . 

_. example of the conversion process, the latter time above which indicates the time the CVR 
terminated versus the. tenths value of same is provided for clarification: 


_TIME(UTC) © _ TOTIM 
0031 112.5: - 31 minutes X 60 = 1860.00 * 12.5 seconds = 1872.5 
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: At the request of FBI/NYC officials, the undersigned received three files from the NTSB 
. via , INTERNET transmission on June 3, 1997. The first transmission was unreadable and a 

~ second was fequested in ASCII format. The second transmission was successful and the files 
transmitted are indicated in [ATTACHMENT #1]. 


1. File: FORMSLALT-27.CSV 


File (5 columns x 1,097 lines) containing information extracted from TWA800's FDR 
by NTSB personnel. Column 1 depicts TOTIM data based on alignment with 
Boston ARTCC voice information. Column 2 depicts altitudes adjusted to the 
height of the altitude sensor aboard TWA800. Column 3 depicts altitude values 
based on pressure altitude while the flight was on the runway prior to the 
application of corrections. Based on NTSB documents reviewed by the 
undersigned, corrections applied to values in column 2 were as follows: 12 feet 
[runway elevation] + 10 feet [approximate elevation of altitude sensor above runway] (-105 
feet [pressure altitude recorded while on runway]) = 127 (-)-105 = 22 feet MSL. Column 
4 depicts the value of column 2 divided (+) by 10. Column 5 depicts column one 
data corrected to the altimeter setting programmed into the N90 TRACON’s 
ARTSIIIA(e) computer during the time period TWA800 was operating within the 
TRACON’s airspace which also includes the time that the break up sequence 
commenced [ATTACHMENT #2]. 


. > All times or timing values contained herein (TOTIM or HHMM: SS) reflect Coordinate Universal 
~ Re - Time (UTC). eo 
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2. ~ File! FDREND.CSV 


File (2 columns x 2 fines) depicts time established by the NTSB as termination of the 
FDR aboard TWA800 as TOTIM 1872.2586 (0031:12.2586 UTC). The listing of 


two separate altitude values with the same time is for the purpose of generating 
a vertical line on profile view plots denoting the time the time FDR data ceased 


_ [ATTACHMENT #3}. 


3. File: CVREND.CSV 


File (2 columns x 2 lines) depicting time established by the NTSB as termination of 
the CVR aboard TWA800 as TOTIM 1872.5000 (0031:12.500 UTC). As with the 
FDR data above, the listing of two separate altitude values at the same time is 
for the purpose of generating a vertical line on profile view plots denoting the 
time the time CVR data ceased [ATTACHMENT #4]. 


PROFILE VIEW PLOTS 


A series of profile view plots were generated for the purpose of verifying, and adjusting, 
time alignment of the various radar data sets. The plots listed and described below represent 
“final alignment values. The various plots generated to arrive at the final product are not 


. PLOT: TWALT22A 


Profile view plot depicting data contained in Column 1 and 5 from file MSLALT- 
1.CSV commencing at 0031:00.0 and continuing through 0031:11.5585. Data 


ee from column 2 (symbol “x”) depicts data adjusted to a base elevation commencing 
at 22 feet MSL. Data depicted from column 5 (symbo! “@”) depicts data adjusted 
_to the N90 ARTSIII altimeter setting at the time of the incident (30.03). 


Additionally, the termination times of the FDR and CVR are depicted by vertical - 
lines at their appropriate times and are common to all profile view plots. The 


-reader will note that the altitude difference between displayed files is a consistent 


value of 27 feet.. Horizontal scale: major increments = 5 minutes, minor 
increments = 1 minute. Vertical scale: major increments = 100 feel: minor 


-increments = 50 feet [ATTACHMENT #5]. 
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aie PLOT: ‘TWALT22B 


eee Profile view plot depicting data contained i in Column 1 and 5 from file MSLALT- 


1.CSV commencing at 0031:00.0 and continuing through 0031:11 5585 ( x'& @). 


a Additionally, radar data from the N90 ARTSIII and ZBV were added to the plot as 


follows: © = N90 ISP raw RB/BT data between 0031:02.128 & 0031:11.552, © 
= N90 JFK raw RB/BT data between 0031:02.885 & 0031:12.133, O= N90 HPN 


os raw RB/BT data between 0031:00.693 & 0031:09.939, a = NTSB ISP raw 
-- RB/BT data between 0031:03.180 & 0031:07.790, and v = ZBV raw NTAP data 


at 0031:09. Horizontal scale: major increments = 5 minutes, minor increments = 
1 minute.. Vertical scale: major increments = 100 feet, minor increments = 50 


a sea TATTACHMENT #6}. 


Sea PLOT: TWALT22C 


| Profile view plot identical to the previous plot with the exception that this plot 


covers a 15 second time period by a 500-foot vertical view. Target depictions 


~ (symbols) also remain the same. Horizontal scale: major increments = 5 
- - minutes, minor increments = 1 minute. Vertical scale: major increments = 100 
‘feet, minor increments = 50 feet [ATTACHMENT #7]. 


PLOT: TWALT22D 


Profile view plot identical to the previous plot with the exception that the target 
symbol associated with ISP raw data was, changed to * @ * while the symbol 
associated with N90 ISP data was changed to “A”. Additionally, the minimum 


-. and maximum (MIN/MAX) MSL altitude values that would be associated with an 


ARTSIII 13,700 target reply have been added to this and all following plots. As 
with the preceding plot, the depiction covers a 15 second time period by a 500- 
foot vertical view. Horizontal scale: major increments = 5 minutes, minor 


. increments = = 1 minute. Vertical scale: major increments = 100 feet, minor 
: increments = = 50 feet [ATTACHMENT #8]. 


ae 


| of interest i in this plot i is the difference in-timing between the last received ISP . 


- retum in the raw data obtained by the FBI and the digital data file received from 


the NTSB. This difference was brought to the attention of senior NTSB officials 
immediately during a meeting conducted at CTO in early January 1997. Also of 
interest is that fact that the difference in timing between the data sets was not 


‘consistent as the difference between the time of the last return was 3.73 


seconds while the time difference between the return immediately preceding the 
last return was 3.64 seconds. 
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_ PLOT: TWALT22E - 


“Profile view plot identical tothe previous plot with the addition of a box or bracket 

based on the time of the last two returns received by the JFK ASR system. This 

particular method of placing a time bracket was selected based on the fact that 

all other raw data time fall within the period between the last two JFK returns 

“© (0031:07.496 ~ 0031:12.133). Additionally, data associated column 1 of file 

" MSLALT-1.CSV has been deleted from this and all subsequent plots. As with 
the preceding plot, the depiction covers a 15 second time period by a 500-foot 
vertical view. Horizontal scale: major increments = 5 minutes, minor increments 

= 1 minute. Vertical scale: major increments = 100 feet, minor increments = 50 
feet [ATTACHMENT #9]: 


PLOT: TWALT22F 


Profile view plot identical to the previous plot with the addition of a box or bracket 
based on applying the timing difference between the raw and NTSB ISP data to 
the raw JFK points. The application of the known ISP time discrepancy to the 

_. JFK data points adjusted the last raw times 0031:12.133 to 0031:08.403 while 
the next to last return at 0031:07.496 was adjusted to 0031:03.856. The basis 
for the use of assumed timing for JFK data is the fact that at the time of the 
undersigned’s visit to the NTSB to obtain copies of N90 data, JFK data as well 
as HPN data were not made available to the FBI’s consultant. Horizontal scale: 
major increments = 5 minutes, minor increments = 1 minute. Vertical scale: 
major increments = 100 feet, minor increments = 50 feet [ATTACHMENT #10]. 


PLOT: TWALT23A 


Profile view plot depicting N90 ARTSIII data with time adjusted by subtracting 
0.25 seconds from the raw time indicated in the data printouts and also by 
_ Subtracting 1.25 seconds from ZBW NTAP data. In addition to depicting the last 
of beacon return data from 0031:00, time associated with the reception of the 
‘first N90 primary returns after loss of beacon data are depicted with the -0.25 
second time adjustment. As a point of reference, the times depicted for receipt 
__ of the primary retums received by the HPN, ISP, and JFK ASR systems would. . 
“have also been the time that the‘next beacon return would have been expected. 
Horizontal scale: major increments = 5 minutes, minor increments = 1 minute. 
Vertical scale: major increments = 100 feet, minor increments = 50 feet 
[ATTACHMENT #11]. 
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PLOT: TWALT23B het gs 


: Prafiie v view plot depicting identiéal information as s the previous plot with the | 
». addition of data contained in Column 5 from file MSLALT-1.CSV. Horizontal 
- scale: major increments = 5 minutes, minor increments = 1 minute. Vertical 


~” scale: major increments = 100 feet, minor increments = 50 feet. 


$05 ee ; 


Profile view vist identical to the previous plot with the addition of a box or bracket 


based on the adjusted times of the last two returns received by the JFK ASR 
system and the altitude (vertical) limits that would produce a Mode “C’” altitude 
_ value of 13,700 feet. Horizontal scale: major increments = 5 minutes, minor 
increments = 4 minute. Vertical scale: major increments = 100 feet, minor 

~~ increments = 50 feet [ATTACHMENT #13]. 


PLOT: TWALT23D 


- Profile view plot identical to the previous plot but with the line(s) connecting radar 
data points removed for clarity. Additionally, a vertical line has been added to 
this as well as all subsequent plots to indicate the time that the next FDR update 
point would occur. The basis for placement of NEXT FDR UPDATE line at this 
point was the addition of a time value of 0.6719 seconds (elapsed time between 
FDR updates) added to the last TOTIM value ‘indicated in file MSLALT-1.CSV 
_ (Column 1, line 1097) of 1871.5585 (0031:11.5585). This produced a TOTIM value of 
‘4872.2304 (0031:12.2304). Horizontal scale: major increments = 5 minutes, 
minor increments = 1 minute. Vertical scale: major increments = 100 feet, minor 
increments = 50 feet [ATTACHMENT #14]. 


PLOT: TWALT23E 


Profile view plot depicting a 3 minute by 200 foot altitude view of the last N90 
. JFK and {SP returns, the final three FDR updates, the next expected FDR 
update, and termination of the FDR and CVR data as established by the NTSB. 
Horizontal scale: major increments = 1 minute, minor increments = 0.10 
‘seconds. Vertical scale: major increments = 100 feet, minor increments = 10 
feet [ATTACHMENT #15]. 
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.:» . The reader will note from this-plot that the next expected FDR return is. indicated 
ce “at 0031:12.2304, 0.0282 séconds prior to the termination time of FDR data i 
_,. depicted in file FOREND.CSV. As | advised in our recent telephone : 
conversation, | have no knowledge as too exactly how much time is actually 
“required for the FDR to have recorded a full frame or cycle of data after the time — 
indicated in file MSLALT-1.CSV. This point would be best addressed by the 
FDR specialist at the Safety Board. 


42. PLOT: TWALT23F 


Profile view plot with the line(s) connecting radar data points removed for clarity. 
Additionally, data from file MSLALT-1.CSV Column 5 is indicated by a line only 
versus the display of data points. Horizontal scale: major increments = 5 
minutes; minor increments = 1 minute. Vertical scale: major increments = 1,000 
feet, minor increments = 50 feet [ATTACHMENT #16]. 


The viewer will note that with the absence of individual points, the line of data 
generated from file MSLALT-1.CSV (Column 5) indicates a slight curve denoting 
a slight reduction in vertical velocity commencing at approximately 0031:05 
through termination of the file. However, to fully appreciate the purpose of this 
plot, the viewer should hold the plot perpendicular to the floor and look up the 
data line from the lower left to the upper right of the plot. Through this “primitive” 
method of viewing, the decrease in the flight’s vertical velocity during 
approximately the last 6 minutes is more evident. The fact that the last two JFK 
returns, recorded 4.6 seconds apart (evident during initial review of the data in mid 
December 1996), indicated at the time that the flight’s vertical velocity appeared to 
decrease slightly prior to loss of radar contact. 


B. TIME ALIGNMENT 


Although it would appear that final time alignment of the radar data was centered on the 
_five returns recorded at 13,700 feet, the determination was also based, in part, on a review of 
the digital time channel information on the certified rerecording, transcripts of FAA radio S 
~ communications, and microphone keying information presented in the FOR printout. 

Additionally, a review of pilot reported altitudes versus FDR and radar data altitude information 
was factored into the alignment process by the undersigned. 


It is important to note that the FDR qa and CVR- QP specialists at b 7C_ 
the Safety Board are by far the best in the business and past experience with their work 

products leads me to believe that the termination times relative to the FDR and CVR are as 

- accurate as humanly possible to determine. Hence, | have relied on these figures as being 


~7~ 


absolute “ines 5 thay” are changed at a later time by the respective specialist. Additionally, the 
..Beard’s CVR specialist has at his disposal the complete timed text of the CVR communications, 
- thereby providing the possibility of additional altitude information that may have been mentioned 


ali nme of ihe fader. 


“Review of the data indicates that the value of 0. 25 seconds subtracted from N90 ARTS 
JFK, HPN, nd ISP raw time as presented in the CDR printouts provided by the FAA is the 

~ most valid figured. Also, the subtraction of 1.25 seconds from the times presented in ZBW 
NTAP data was also a valid figure. NTAP data from the ZNY and ZDC ARTCC’s was not part 
of the alignment process as it was a near duplicate of ZBW data and did not offer any additional 
nformation pertaining to the accident. Additionally, U.S. Navy FACSFAC and U.S. Air Force 
NORAD data were not factored into the alignment process as these data sets were received 
from the same LRR sites providing information to the ZBW ARTCC. 


= In support of the -0.25 second adjustment to N90 ARTS data, a series of three plan view 
S plots were generated to detail the alignment process. All plots depict a 10 minute time frame 

-- (horizontal) commencing at 0031:05 and continuing through 0031:15, by a 400 foot (vertical) 

_. altitude segment commencing at 13,500 and terminating at 13,900 feet. The scale of all plots 
are identical and contain vertical lines depicting the next expected FDR update and termination 
. time of both the FDR and CVR. Each plots depicts a bracket or box, based on the last two JFK 
retums, that Tepresents the area that 13,700 foot Mode “C’ altitude would appear. Plot 
characters representing raw time data are presented by an open target symbol (O-ISP, ©- 
JFK, O- HPN, and v - ZBW. Data extracted from file MSLALT-1.CSV is represented in all three 
plots by a solid red (@) symbol. Horizontal scale: major increments = 5 minutes, minor 
increments = 1 minute. Vertical scale: major increments = 100 feet, minor increments = 50 
feet. 


3. PLOT: TWALT24A 


Although the last seven FDR updates fall within the appropriate Mode “C” 
"altitude limits, the 16,655' FDR point at 0031:07.527 and the last JFK return at 
0031:12.133 appear at the extreme limits of validity due to the very short time 
_duration from a corresponding event. The time between the FDR altitude value at 
_ 13,655* (0031:07.527) and the next to last JFK target return recorded at 
- 0031:07.496 totals a mere 0.031 seconds while time betwéen the last JFK return 
at 0031:12.133 relative to the time of the next expected FDR update at 
_ 0031:12.2304 totaled only 0.097 seconds, cause me to suspect that the raw 
- times are not valid. 


‘Based on my experience, there is enough “slop” within such a timing situation to 
suspect the raw time alignment and to adjust the bracket or box to center the 
FDR data set based on an assessment of the two JFK returns that make up 
era time limits of the box ATGCAMENT val 


by the flight crew. This information would have been provide AAR o assist him in - b 7a 
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PLOT: TWALT24B. OC Gees Ae ey Bs OL 


Although SRN stated he had determined that a time adjustment of -0.25 
_ seconds be applied to N90 ARTS data, a series of time values were checked 
_. before settling on figures. Results of the various selected values 
- were reviewed within the respective adjusted Mode “C” box based on the last 
two JFK returns as well as an assessment of points early on within the various 
_ data sets as well as corresponding altitude reports and altitude profile history. 


“Data presented in this plot reflects a -0.25 adjustment to N90 ARTS data and a - 


1.25 second adjustment to ZBW NTAP data. Additionally, target symbols 
representing time adjusted data points are depicted by solid symbols. 


The adjustment in timing of radar data by the aforementioned values represents 
the most probable and logical time sequence available. These adjustments 
produced the following sequence of events commencing with the next to last JFK 
target return. For clarity, the appropriate Mode “C’ value for the corresponding 
FDR altitude is indicated in italics. Additionally, time values have been rounded 
off to the nearest '/, 9th of a second. . 


ADJUSTED DATA MODE “C” FDR 
TIME SOURCE VALUE VALUE 

0031:07.25 JFK return 13,700 feet 

0031:07.58 FDR 13,700 feet 13,655 feet 

0031:07.75 ZBWreturn 13,700 feet 

0031:08.20 FDR 13,700 feet 13,675 feet 

0031:08.87 FDR 13,700 feet 13,690 feet 

0031:09.43 FDR 13,700 feet 13,705 feet 

0031:09.69. HPNreturn 13,700 feet 

0031:10.22 FDR 13,700 feet 13,720 feet 

0331:10.83 FDR 13,700 feet 13,730 feet 

0031:11.27 ISP return 13,700 feet 

0031:11.50 FDR 13,700 feet 13,745 feet [LAST FOR UPDATE] 

0031:11.88 JFK return — 13,700 feet i 
‘ 0031:12.18 |Next expected FDR update time 

0031:12.26 FDR end. 

0031:12.50 “CVRend 


_The aforementioned plot can be found as [ATTACHMENT #18].. 
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45. PLOT: TWALT24C — 
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4 Profile view Y plot. depicting data described i in the two preceding plots and is 
provided for a direct comparison of raw and adjusted timing information. Raw 
’ data points are indicated by open ‘target symbols while time adjusted data points 
are indicated by solid target symbols [ATTACHMENT #19}. 
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>: MSLALT-1.CSV (Col 1) 
.... file: CVR.CSV 

ile: FDR.CSV 
MSLALT-1.CSV (Col 5) 


|END OF FDR 


13200 TIME CONVERSIONS 

3 “L |MSLALT1: 1871.5585 = 0031:11.5585 
FDR END: 1872.2586 = 0031:12.2586 
/CVR END: 1872.5000 = 0031:12.5000 
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—-— file: MSLALT-1.CSV (Col 2) 
-. file: CVR.CSV 

—— file: FDR:.CSV 

o FBILISP DATA 

—__ FBI JFK DATA 

-FBIHPN DATA 

—-NTSB ISP DATA 

—~—-ZBW NTAP DATA 

-.e- file: MSLALT-1.CSV (Col 5) 


® 
"C' ALTITUDE (MSL) 


"TIME CONVERSIONS | 
MSLALT1: 1871.5585 = 0031:11.5585 
* | FDR END: 1872.2586 = 0031:12.2586 
=]CVR END: 1872.5000 = 0031:12.5000 
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TIME CONVERSIONS 


13800 


43700 


MSLALT1: 1871.5585 = 0031:11.5585 
FDR END: 1872.2586 = 0031:12.2586 
CVR END: 1872.5000 = 0031:12.5000 


TIME (UTO) 5 
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: MSLALT-1.CSV (Col 2) 
: CVR.CSV 

: FDR.CSV: 

ISP DATA 

— FBI JFK DATA 

FBI HPN DATA 

—NTSB ISP DATA 

—ZBW NTAP DATA | 

-e- file: ‘MSLALT-1 .cCSV (Col 5) 


0031:15 
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TIME CONVERSIONS 
MSLALT1: 1871.5585 = 0031:11.5585 
FDR END: 1872.2586 = 0031:12.2586 
CVR END: 1872.5000 = 0031:12.5000 
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file: MSLALT=1 CSV (Col 2) 
.. file: CVR.CSV. 

file: FDR.CSV> 

FBI ISP DATA 

—_ FBI JFK DATA 

|--FBI HPN DATA 

4. NTSB ISP DATA 

_- ZBW NTAP. DATA 

e-file: MSLALT-1.CSV (Col 5) 
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TIME CONVERSIONS 
MSLALT1: 1871.5585 = 0031:11.5585 
FDR END: 1872.2586 = 0031:12.2586 
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— file: FDR.CSV | 
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FBI JFK DATA 

o FBI HPN DATA 
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TIME CONVERSIONS 
MSLALT1: 1871.5585 = 0031:11.5585 
FDR END: 1872.2586 = 0031:12.2586 
CVR END: 1872.5000 = 0031:12.5000 
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ae) have reviewed the NTSB's DFDR report and completed a comparison of time in 
various radar data sets, transcripts,.and time indicated in the BFek printout along with 
-MSL altitude values and VHF radio key indicators. 


7 will give them the benefit of the doubt in that their timing of the VHF radio key 

relative to ZBW ARTCC transcripts appears right on the mark. The proper and. — 
accepted method.of aligning time of the DFDR and CVR is always based on the ATC ~ 
anscript from the communicating facility. They (the CVR Lab) do not use the times in the 
script but rather a certified rerecording of ATC communications by means of . 
digital time information ‘signal applied to the tape simultaneously with application of 

annel. This: process is completed by utilizing a stereo recorder and placing 
ata on one track a d the digital time signal on the opposite track. When the . 
rerecording, (tape cassotte) is played | back in the CVR Lab, verbiage recorded is evident 
on the speakers or headphones while the digital time signal appears on and LED clock 
face. You may note a near continuous "tick-tick-tick” like sound on the tape cassettes 
| retumed. -That oe is the a time signal. 
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_synopai: Sources of radar. 


Details: As provided by iii» the following 
numbered locations are'the sources of radar that were used in 
analysis of the TWA Flight 800 catastrophe. 


“FAA Radar Sources (Air Traffic Control) 
N90 (4 Second ASk ena 


1. JFK -  teeated at JFK Airport 
2. -Newark (EWR) - Located at Newark Airport 
3. White Plains (HPN) - Located at Westchester County 
- Airport, NY : 
4. Islip (ISP) - Located at Mac Arthur Airport 
5. Stewart’s Field (SWE)” ~ Located in Newburgh, NY 
6. Riverhead, NY- 7 
- 7. Trevose, PA : 
--8. North Truro, MA... >" os h Sees . 
9. Cumington, MA . a. bE GE ae BE Ok os Bae 
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To: New York From: New York 
‘Re: 265A-NY-259028-RR, 11/19/1997 


Other Radar Sources 


10. Sikorsky Aircraft, Stratford, cT 
Radar returns from Riverhead site(6) + 
SEPARATE Transponder only returns from Pinney 
Bowes (located at Bridgeport, CT (4 seconds) 


National Oceanic and Atmospheric administration NORD) 
National Weather ane 


‘11: Boston (NOAA) . : 
12. New York (NOAA) 


Oe 


‘ OPCA-20 (12-3-96) 


FEDERAL BUREAU OF INVESTIGATION 


FO 


explain this deletion. 


© Deletions were made pursuant to the exemptions 
release to you. 


Section 552 
DO ey) 
D (b)(2) 
D (b)3) 


O (v)(4) 


o0o06€CC8"0UdCMlhLUDDlMmMCUCUlCU Ol CU 


O (b)(5) 
C1 (b)(6) 


request is listed in the title only. 


for review and direct response to you. 


disposition at a later date. 


Page(s) withheld for the following reason(s): 


IPA 


DELETED PAGE INFORMATION SHEET 


65 Page(s) withheld entirely at this location in the file. One or more of the following statements, where indicated, 


indicated below with no segregable material available for 


(7A) 
GN7)B) 


(o)(7)(C) 


(b)(7)(D) 


(b\(7)(E) 


(b)(7(F) 
(b)(8) 
(b)(9) 


Pages. were not Sonsidered for release as they are duplicative of 


(4 The following number is to be used for reference fegarding these pages: 
265A-NY- =oo7028 Sub BN: serial : 


Section 5522 
(d)(5) 
G)(2) 
(K)(1) 
(k)(2) 
(k)(3) 
(k)(4) 
(k)(5) 
(k)(6) 


Oo06CcdmCNOUCUCKdUMCU CUDNWlMU ODlUCOC CUCU 


(k)(7) 


© XXXXXXXXXXXXXXXX tee 


“x “Deleted Page(s) “X 


X No Duplication Fee X 
X for this page Xx 
XXXXXXXXXXXXXXKKX 


Information pertained only to a third party with no reference to the subject of your request or the subject of your 
nf Documents originated with another Government agency (ies). These documents were referred to that agency(ies) 
Pages contain information furnished by another Government agency(ies). You willbe advised by the FBI as 


to the Feleeelly of this information ° ch our ‘Consultation with the other agency(ies). 


Page(s). withheld itera as a final release determination has not been made. “You will be advised-2 as to the 


FBI/DOJ 


FEDERAL BUREAU OF INVESTIGATION 


Precedence: ROUTINE de Date: 11/21/1997 


To: New York 
| "Fron: QS -_ 
ap iets itp 1 . I- 46 é tos : * ee 
4 poe. oe? Contact: 


‘Approved By 


265A-N¥-259028_ (Pending) 


” unisuB (8) ; ‘ 

_, EXPLOSION OF TWA FLIGHT 800; 

so.) JULY 17, 1996; ay: es co 
* AOT-IT- EID . 


‘Synopsis: Summary of radar analyzed by Bureau radar contractor. 
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Details: Report was a summary of radar data analyzed with regards 
to the explosion of TWA Flight 800 on July 17, 1996. 
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FBI, New York Field Office 

: 26 Federal Plaza, 23rd Fioor. * 
N71 NewYork, NY 10278 . 


re A Per: your request, a detailed list of radar data reviewed byr me ° during the course 
‘of the TWA800 ce a is provided below. | 


oAe “FAATER INE LRADARD TA bs cof aoe : “an die 9 | 


. NEW YORK TERMINAL RADAR APPROACH CONTROL - (wa TRACOM). 


nautical ‘ies (NM) and rotate clockwise at approximately 13 RPM which provides a 
_ scan rate of approximately 4.6. seconds between returns or updates. They are 

is ~ constructed so that the jransponder or secondary radar antenna is co-located atop the 

larger primary radar antenna array. : ‘Data from these ASR systems are process by © 

the N90 TRACON PARTS) computer tracking een, 5 


cee seamen IRR eter nc on nd Breen {10 ee eee Fee ean, "ee aes Baten 


(a). , JFK ASR system (N90 ARTS Sensor “0") 


The following N90 JFK data was reviewed covering the time period 
-. +. «+ from 1 hour prior to the event and continuing through 2 hours after 
the event. aa ee 


Fa ha: 28 : den 


re saeot 


te ap (a1). ‘Radar Reinforced Beacon (RB) returns wherein a valid 
ee hee Be transponder signal was received along with the validation 
oe ms iat a ‘primary radar. feturn was also received. 


if vie ke beg G gee : patton ~ 
- : : aoa 


- » (a2). "Beacon Tracking Level (BT) jeturne wieiein only a valid 
ete transponder signal was received. cae 


Radar Tracking (RT) retums wherein only a valid primary 
~.fadar return was received. - 


= igh ee es : eo =F Ne 


(b). EWR ASR system «N90 ARTS Sensor 1") 


: The following N90 EWR data was jeviewed covering the time . 
~ period from 30 minutes prior to the event and continuing through 
__ loss of TWA800's primary and secondary contact when the flight 
* exceeded the maximum range (60 NM) of the EWR ASR 
appreximately 1 minute prior to the event. — 


(61). Radar Reinforced Beacon (RB) returns wherein a valid 
transponder signal was received along with the validation 
that a primary radar return was also received. 


7 ee en (b2). Beacon Tracking Level (BT) returns wherein only a valid 
Paes a ah ela Sanal was received. 


ISP ASR system (Ngo ARTS Sensor“2")) 


The following NgO ISP data was ‘reviewed covering the time period 
. from i hour prior to the event and continuing through. 2 hours after 


). Radar Reinforced Beacon (RB) retums wherein a valid 
.. transponder signal was received along with the. validation 
».,thata pemneny radar return was also received. . 


Bn cern ten ella getters eee Bee cernveenin gd oot oe 


(c2). Beacon Tracking Level (BT) returns wherein only a valid 
transponder signal was received. 


(3. ) Radar Tracking (RDt returns wherein only a valid primary 
radar return was received. 


(d). HPN ASR system (N90 ARTS Sensor. “3") 


The following N90 HPN data was reviewed covering the time period 
from 1 hour prior to the event and eeontinuing through 30 eS 
after the event. 


(d1). Radar Reinforced Beacon (RB) returns wherein a valid 
‘transponder signal was received along with the validation 
that a primary radar return was also received. 


(d2). Beacon Tracking Level (BT) returns wherein only a valid 
transponder signal was received. 


(d3.) Radar Tracking (RT) returns wherein only a valid primary 
radar return was received. 


? 


B. FAA EN ROUTE RADAR DATA 


Radar data utilized by FAA Air Route Traffic Control Centers (ARTCC) is 
_ received from a series of long range radar (LRR) systems located within the ARTCC 
- aifspace jurisdiction. Generally, inland LRR sites have a range exceeding 150 NM 
while those sites located on the coast will have a maximum range of 200 NM or greater. 
Additionally, data from LRR’s located in an adjacent ARTCC’s area can be “remoted’ to 
another ARTCC to provided overlapping coverage. In addition to sharing LRR data 
between ARTCC’s, data from selected LRR’s is shared or remoted to both U.S. Military 
entities and selected civilian contractors where there is a requirement for a contractor to 
have access to the data during the course of providing services to the U.S. _ 
Government. These LRR systems rotate clockwise at 5 RPM which produces a scan 
- tate of approximately 12 seconds 


> Although multiple LRR sites within a particular ARTCC’s airspace mely wavs 
dupes coverage of an aircraft, the ARTCC National Airspace System (NAS) 
computer is programmed to Seect display, and record onlya single return for a given 


aircraft. This process is completed through computer program code wherein a specific 
LRR is designated as the primary receiving antenna for specific area while an alternate 
a LRR is designated as a secondary source. Hence, if the primary LRR fails to detecta 
e "target in given area while the secondary LRR detects a target, the NAS computer will 
display and record target information from the alternate site. When radar data is 
recorded through the NTAP process, the determination of the (actual) receiving LRR is 
quite often difficult in that the receiving radar site is not always indicated in the NTAP 
printout. This primary/secondary target selection display feature (known as 
" MOSAICING) is unique to the FAA’s ARTCC current NAS computer system which has 
‘ been j in use since ae late pee Ss. 


‘In ‘hee case of TWA800, radar data was recorded by the Boston, Washington, 
and New York ARTCC’s which received data from the same three (identical) sites 
located at Riverhead, New York; North Truro, Massachusetts; and Trevose, 

‘ Pennsylvania. 


1. BOSTON (ZBW) ARTCC 
ZBW NTAP data was reviewed covering the time period from 1 hour prior 
to the event and continuing through 1 hour after the event. 

2. | WASHINGTON (ZDC) ARTCC 
ZDC NTAP data was reviewed covering the time period from 1 hour prior 
to the event and continuing through 1 hour after the event. 

3. NEW YORK (ZNY) ARTCC 


ZNY NTAP data was reviewed covering the time period from 1 hour prior 
to the event and continuing through 1 hour after the event. . 


C.. USAF NORAD DATA 
Lees NORAD (North American Air Defense Command) data consisted of a review of . 
* primary and secondary radar remoted to the NORAD computer system received from 


LRR’s located at Riverhead, NY, North Truro, MA, and Trevose, PA, commencing 10 
minutes prior to the event and continuing through 10 minutes after the event. . 


+ ene eam 6 


D. USN FACSFAC VACAPES 


FACSFAC VACAPES (Fleet Air Control and Surveillance Facility, Virginia 
Capes), located at NAS Oceana, data consisted of a review of primary and secondary 
radar remoted to the FACSFAC computer system received from LRR’s located at 
Riverhead, NY, North Truro, MA, and Trevose, PA, commencing 15 minutes prior to 
the event and continuing through 30 minutes after the event. 


E.  SIKORSKY (BRIDGEPORT) 


Sikorsky Aircraft Company, located at Bridgeport, CT, a manufacturer of rotary 
wing aircraft for the U.S..Government, operates a computer radar tracking system for 
the purpose of monitoring test and evaluation flights of military aircraft that is mandated 
by the government. To support requirement of their tracking system, Sikorsky utilizes a 
feed or remote from the Riverhead, NY LRR system and a company owned secondary- 
only radar system located at Bridgeport. 


A review of Sikorsky data was conducted at facilities of the commercial vendor 
providing software (contract) support for the tracking system commencing 10 minutes 
prior to the event and continuing through 15 minutes after the event. Additionally, 
digital information maintained by the contractor was transmitted electronically for a 
detailed review. 


F. NWS DAT 


- ’ Areview of NWS (National Weather Service) data utilizing four 8mm QG-112M 
data cartridges containing digital information recorded by the NWS WSR-88B weather 
radar systems located at Boston, MA (KBOX) and Upton, NY (KOKX) was conducted 
' commencing 10 minutes prior to the event and continuing through 10 minutes after the 


event. 


G. FAAARTS RETRACK TAPE 


A detailed review and analysis was conducted utilizing a VHS copy of a 
“RETRACK’ playback of the New York TRACON’s ARTSIIIA(e) data containing a video 
playback of ISP and JFK ASR data. Upon completion of the analysis, voice-over 
commentary and graphic highlighting was added to the tape for demonstrative 
purposes prior to shipment to your Office._. a 


H. SUMMARY 

Review and analysis of recorded information encompassed radar data received 
from seven (8) ground based air surveillance radar systems wherein four (4) were 60 
NM range ASR terminal radars systems, three (3) were 200+ NM LRR systems, and 
one (1) was a special use 200 NM range system operated by a goverment contractor. 


In an effort to obtain the most objective overview of the LRR data, North Truro 
and Trevose data were reviewed as they were processed by five (5) separate and 
independent computer processors while Riverhead data was reviewed after processing 
by six (6) separate and independent computer processors. Design technology of these 
processors ranged from the ARTCC NAS computer (mid-1960's) through the late 
1980's with USN and NORAD data. 


Respectfully, 


bre 
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FEDERAL BUREAU OF INVESTIGATION 


Precedence: ROUTINE . . Date: 03/19/1998 
To: New York 
From: 


I-46 
Contact: 


Drafted By: 


Case ID #: 265A-NY-259028 (Pending Inactive) 


Title: UNSUB(S); 
EXPLOSION OF TWA FLIGHT Beer 
JULY 17, 1996; 
AOT-IT-EID 


Synopsis: Radar data used by radar ansityet as part of TWA Flight 
‘800 investigation. 


Enclosure: Letter £1 on Qe ee ee ee, to the 


writer dated 01/16/1998. 


Details: The writer received two (2) arcels of radar data on 
1/20/1998 from Bureau radar 
analyst. This data was the digital data ad generated 


and stored in his computer as part of the TWA Biante 800 
explosion investigation. 
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91/16/1998 12:45 


January 16, 1998 


VIA FACSIMILE TRANSMISSION 
“Followup 
VIA FEDEX & PRIORITY MAIL 


SA 
’ FBI, New York Field Office 
26 Federal Plaza, 23rd Floor 
New York, NY 10278 — , 


Dera 


“tam shipping two (2) Sapeiaie parcels to you today witch contain copies of all 
digital data stored in my computer re. the TWA800 investigation. Hence, you will now 
have everything | generated on the computer from my initial entries in December 1996, 
up through but not including a copy of this letter. ‘In this day and age, digital data is just 
as important, if not more so, than hard copy information. Hence, | opted to send copies 

: of all of the claite! mene should someone desire to play with it at a later date. 


The larger oft the hi parcels. contains four (4) tapes in QIC 80 Format, the | 
operating prograrn utilized for plotting (GRAF TOOL), along with a complete listing of all 
files provided. This parcel should be considered “official’ material and be stored along 
with the four large parcels containing hard copy data shipped on January 2, 1988. The 
smaller parcel (via Priority Mail) also contains all of the above material but | copied all of the | 
material on a single QIC 80 Format tape. ‘Although this one contains the same 
_ material, itis provided for your own personal records and use. Now you will have to go 
out and buy a alc 80 Format tape drive. ; 


seat 0H OT SON treo 


RL/LB/ 1998) «12145 


a Tw ew 


I have two more items to send relative to the case but they are more ofa 
. information type ites that you might want to file away for future reference. All | need is 
some free time to get them together between the other cases ar 3 thei related travel. 


ae 


Call if you have any questions. 


. Sincerely, 


b7e— 


TOTAL PAGES TRANSMITTED = 2 


P.S. E-mail notification of tracking number also sent. 
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FEDERAL BUREAU OF INVESTIGATION 


Precedence: ROUEINE ; Date: 03/19/1998 
Tos. New York , 


Prom: “ wd 
I-46 = id of 

Contact: eee 
| Approved oy <a, , 
| praftea By: quae ::);/ 
‘Case ID #: 265A-NY-259028 (Pending Inactive) 
Pitles UNSUB(S) ; — 
EXPLOSION OF TWA FLIGHT 800; 

_ JULY 17, 1996; 

~ AOT-IT-EID 


Synopsis: “Radar data used by radar analyst as part of TWA Flight 
800 investigation. 


Enclosure: Letter fron@Q]i i to the 


writer dated 12/29/1997. 


Details: The writer r ived four (4) box of radar data on 
1/16/1998 from Bureau radar 
analyst. This data was the printed data ad analyzed as 


part of the TWA Flight 800 explosion investigation. 


eo _ UPLOADED” | 
aa ‘ WITH/TEXT 
WITHOUT TEXT 


- BY 
DATE 


mh, * Re Tee. ¢ 
ent este MAN cage A ee ga SEB Ee aoe snonntnietetinnemine un smn mitt i ES 


: 


bre 


j 
December 29, 1997 a 


VIA E-MAIL — 
WeEOLLOW UP 


VIA PRIORITY MAIL 


S) 

FBI, New York Field Office 
26 Federal Plaza, 23rd Floor 
New York, NY 10278 


Dea 


| have completed a detailed inventory of all items utilized in the radar 
reconstruction efforts related to TWA800 which are provided below. Additionally, | have 
boxed up all item listed below for shipping to a destination of your choice. Currently, | 
have the four listed items and will provide you with a fifth (sma) parcel at a later date 
which will include a magnetic tape cartridge containing copies of all material stored on 


my computer relating to the case. os 


BOX 1 of 4 rr re 


- Printouts of recorded radar data 


4. N90 SENSOR “2" RT Data, cover + 903 pages [2215:10.233-2303:54.776 UTC] 
~ 2. N90 SENSOR “2” RT Data, cover + 794 pages [2303:54.918-0000:59.655 UTC] 
- - 3. N90 SENSOR “2" RT Data, 900+ pages [2303:54.918-0000:59.655 UTC] 


- ae 
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BOX 2 of 4 


tintouts of recorded radar data 


. N90 SENSOR “" RT Data, cover + 576 pages [00024 41.548- 0039:59.685 UTC] 
. N90 SENSOR “O" RT Data, cover + 137 pages [0002:43.192-0039:59.860 UTC] 
N90 SENSOR ‘“3" RT Data, cover + 261 pages [0002:44.522-0039:59.248 UTC] 
N90 SENSOR “0" BT Data, cover + 98 pages [0002:43.192-0039:59.978 UTC] 
N90 SENSOR “3" BT Data, cover + 148 pages [0002:44.522-0039:59.248 UTC] 
N90 SENSOR “3" RB Data, cover'+ 199 pages [0002:44.522-0039:56.730 UTC] 
ZBW, ZDC, ZNY ARTCC Data, cover + 481 pages [various times UTC] 


NOORONS 


BOX 3 of 4 
| - Printouts of recorded radar data 


. N90 SENSOR “2" RB Data, cover + 465 pages [0002:41.256-0039:59.685 UTC] 
. N90 SENSOR “2" BT Data, cover + 137 pages [0002:41.696-0039:59.542 UTC] 
. N90 SENSOR “0" RT Data, cover + 290 pages [0002:43.043-0039:59.565 UTC] 
. N90 SENSORS “0/1/2/3" TG Data, cover + 88 pages [0019:44.850-0031:12.133 UTC] 
. NORAD Data, cover + 71 pages [0025:25.080-0029:56.285 UTC] 
. N90 SENSORS “0/1/2/3" AS Data, Saudia Airlines Flight 035, 187 pages 
[in 1" 3-ring binder] 
7. NTSB Primary radar data from N90 SENSOR “2" (with timing error), 683 
pages [in 4” 3-ring binder] 
bae 8 QE TVVA800 Workbook. Various processed datasets and 
a nite! Plots [in 3° 3-ring binder] 


Aanhoah — 


BOX40f4 0 
; Miscellaneous itamrig 


me 1. Ngo SENSOR “2" Beacon Data, ZBV & ZDC ARTCC NTAP Data obtained 
>" from NTSB [in 2” 3-ring binder] 
— 2. Four (4) Fuji QG-112M 8mm Data Cartridges of NWS Weather Radar Data 
rite 3. Twenty (20) 3.5" Computer Disks containing Digital Radar Data opting d. 
‘” from FAA “/content listing pages [in 1" 3-ring binder] 
4. Master Dub Copy of Salinger Video Tape of FAA RETRACK 
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5, Copy of ioe ie Printout received ‘rom QA NTSB, RE-2, | 
on March 12, 1997. Document cover stamped “CONFIDENTIAL” by bre 
NTSB. 


6. Documents Provided a by a 
FBI NYO, on December 12, 1996, @ CTO. 


* Since Box #4 contains magnetic recording media, | have marked the outside as 


‘DO NOT X-RAY” & “DO NOT PLACE NEAR MAGNETIC FIELDS” markings in the 


hope that all will survive shipping and storage without being corrupted. 


- | took into account that many employees at your location are of the “gentler” 
genvier and have packed each box so as not to exceed the weight of about a 2 year old 


‘crumb cruncher (which they should be used to) so there would be less of a chance of one 


of “them” suffering a lifting related injury. The weight of the parcels is as follows: 


Box 1 of 4 = 39 pounds 

Box 2 of 4 = 38 pounds 
‘Box 3 of 4 = 37 pounds 

Box 4 of 4 = 10 pounds 


| have packed each parcel to include a detailed contents lising both inside the 
box and on the outside in a combination back & orange plastic envelope which states 
“PACKING LIST ENCLOSED” 


As they sit now, all are ready for UPS GROUND shipment to you at the NYO 
which would be the most economic way if I foot the bill which is not a problem. 
However, you (or those above you) may want the material shipped elsewhere for storage. 


If it would be more advantageous to your internal operations, Ican deliver them 
to the northern Virginia F.O. and they can handle (pay) the shipping. This would get 
them into the FBI system right from the get-go. Just an idea of course. However, | will 


' await your decision prior to shipping them. 


OA point of interest re. UPS shipping. | had planned to send them via ground 
which is the most economical form. Shippment via this method would ensure delivery 


- in a 2-3 day timeframe. Addititonally, | have affixed a UPS delivery confirmation tag to 
ci each agi so ‘can maintain a SecepvenelE rer aer on the items. 


\Biease be assured that I do not mind taking the 4 items to UPS and paying the 


sipping as ne cost is a deal re. Income Tax. 


: The Parcels are sieniiy address to “you” from* me” and each sarcal has a label 
on the bid and ene that list the following: 


re I EE wis ggtictant sara EC se etree 


; ' BOX # of 4 
TWA800 INVESTIGATION 
RECORDED RADAR DATA ; 


ne 
of 


Each parcel is packed solid with a Styrofoam buffer to ‘ensure minimum 
displacement while in transit, The markings described above make it clear exactly what 
the material is regarding long term storage/retention. 


| await your authoritative decision. 


Sincerely, 
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